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Drumming behavior is described for the first time in 

33 North American Plecoptera species, and signals of an 

additional five species, Pteronarcys pictetii, Acroneuria 

abnormis, Paragnetina media, Clioperla clio and 1sogenoides 

zionensis, are further detailed. 

An out-group comparison of behavioral characters in 

all 104 world species whose drumming is known showed that 

the behavior is more advanced in the Arctoperlaria Group 

Systellognatha than in the Group Euholognatha. In general, 

tapping, monophasy, touching, sequenced exchange and less 

than 50 taps/answer are ancestral states, and rubbing, 

grouping, phasing, tremulation, interspersed exchange and 

equal or more than 50 taps/answer are derived states. 

There has been some co-evolution between abdominal 

structure and drumming behavior. Scanning Electron 

Micrographs of 30 species showed that the primitive state 

of tapping is ascociated with three classes of abdominal 

structure: (1) absence of derived structures, (2) lobes or 

vesicles, and (3) hammers. The derived behavior of 



rubbing, however, occurs only in species with derived 

structures, and is predominant in species having vesicles 

and hammers. Drumming can be used as a line of evidence to 

aid in defining genera and species, since the behavior has 

a variable degree of specificity or exclusiveness in all 

species, particularly in groups of species I have studied 

in the genera Isoperla, Pteronarcys and Taeniopteryx. 

Typical and variant computer-synthesized male calls of 

three stonefly species were tested with live females. They 

responded at high levels in such a way that the important 

informational content conveyed was identified as: (1) a 

minimal threshold of beat numbers, and (2) a discriminant 

window of beat intervals. Rub frequency and bibeat calling 

were critical informational parameters in two species. 
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CHAPTER I 

GENERAL INTRODUCTION 

Stoneflies (Plecoptera) comprise one of the four major 

insect orders inhabiting stream ecosystems. They are 

represented in North America by approximately 98 genera and 

580 species. Their classification and phylogeny have been 

based primarily on external adult morphology (Claassen 

1925, Hanson 1939, Frison 1935, 1942, Ricker 1950, 1952, 

Nelson and Hanson 1971, Nelson 1984). 

In an effort to improve classification and reach 

better phylogenetic inferences, plecopterists have recently 

begun to examine other lines of evidence, including: (1) 

internal genitalia and other internal characters (Zwick 

1973, Stark and Gaufin 1976, Szczytko and Stewart 1979a, 

1984, Stark and Stewart 1981), (2) egg and larval 

morphology (Stark and Gaufin 1976, Szczytko and Stewart 

1979a, 1981, 1984, Stark and Szczytko 1982, Stewart and 

Stark 1984), and (3) drumming behavior (Szczytko and 

Stewart 1979b, Stewart et. al. 1982a,b, Stewart and Zeigler 

1984a,b, Maketon and Stewart 1984a,b, Zeigler and Stewart 

1985). These efforts are expected to continue in 

Plecoptera, as well as in other groups, in conformance with 

the ideas of Hennig (1966, 1981) and Ross (1974). Ross 



pointed out that determining the direction of behavioral 

pattern evolution is often difficult, because of the 

frequent problem in distinguishing between genetically 

controlled and learned behavioral units. Plecoptera 

drumming has great potential as a model system in such 

evolutionary studies, since (1) it is a fixed-action 

behavior (Stewart et al. 1982a,b, Stewart and Zeigler 

1984a,b), displayed with relatively little variation in 

short-lived adults, and (2) every character of every stage 

is a potential datum of evidence for problem solving in 

systematics. Since drumming is a mate-finding and probably 

an isolating mechanism, its characters should carry 

relatively important weight (Ross 1974). Drumming signals 

contain numerous measureable parameters, such as number of 

beats, beat time intervals and ratios of beat spacing, that 

can be accurately recorded and statistically analyzed 

within and between species. Somewhat similiar behavioral 

systems suitable for phylogenetic analysis have been 

identified and quantified in several insect groups, 

including particularly the Gryllidae (Alexander, 1962; Otte 

and Alexander, 1983) and the Chrysopidae (Henry, 1982a,b, 

1983, 1984, and 1985). 

Stonefly drumming is an intersexual vibrational 

communication behavior for mate location, first observed by 

Newport in 1851, but not studied in detail, or quantified 

and experimentally tested until Rupprecht's studies of 



European species began in the 1960's and studies of North 

American species began in Dr. K. W. Stewart's laboratory in 

the late 1970 s. Prior to my study, Dr. Stewart and his 

students had described drumming of 53 species, representing 

approximately 9.1 per cent of the North American fauna. In 

this paper I will add descriptions of an additional 33 

species, bringing the total species for which drumming is 

known (to some degree) to 86 species or roughly 14.8 per 

cent. The objectives of my work have been not only to 

describe drumming of additional key uninvestigated species, 

but to begin to (1) determine patterns of drumming at the 

generic and family levels, (2) determine the degree of 

intraspecific variation in a few species representing key 

drumming patterns, (3) identify pair-forming drumming 

characters and make preliminary assignments of their 

polarity using out-group methods (Watrous and Wheeler, 

1981) for potential use in phylogenetic analysis, and (4) 

to use behavioral differences to help resolve delineation 

of selected cryptic genera and species groups, since 

drumming signals appear to be species-and sex-specific. I 

am using the term cryptic here to designate taxa that are 

morphologically similiar (separable only by minimal 

differences). The 40 species studied and the States from 

which they were collected by years are shown in Table I. 

The principal mode of drumming exchange between the 

sexes involves substratum-borne vibrations produced when 



TABLE I 

STONEFLY SPECIES AND THEIR COLLECTION LOCALITIES 
INCLUDED IN THIS STUDY, 1984 TO 1986. 

Taxa Collection locality/Year 

Family Pteronarcyidae 

1. Pteronarcys pictetii Arkansas/1985 

Family Taeniopterygidae 

1. Taeniopteryx burksi Arkansas/1984 
2. Taeniopteryx lonicera Arkansas/1984 
3. Taeniopteryx maura Arkansas/1984 

Family Perlidae 

1. Acroneuria abnormis Kansas/1986 
2. Acroneuria mela Kansas/1984 
3. Attaneuria ruralis Kansas/1984 
4. Beloneuria georgiana North Carolina/1984,1985 
5. California californica California/1986 
6. Eccoptura xanthenes Georgia, West Virginia/1986 
7. Hansonoperla appalachia West Virginia/1984 
8. Neoperla clymene Kansas/1984 
9. Perlesta sp. Kansas/1984 

10. Perlinella ephyre Arkansas/1985 
11. Paragnetina media Arkansas, Virginia/1986 

Family Perlodidae 

1. Clioperla clio Arkansas/1984 
2. Diploperla robusta West Virginia/1984 
3. Isoperla burksi Arkansas/1984, 1985 
4. Isoperla coushatta Texas/1984 
5. Isoperla decepta Virginia/1986 
6. Isoperla holochlora complex Virginia/1986 
7. Isoperla mohri Arkansas/1984 
8. Isoperla montana West Virginia/1984 
9. Isoperla ouachita Arkansas/1984 

10. Isoperla sagittata Texas/1986 
11. Isoperla similis complex Virginia/1986 
12. Isogeniodes zionensis Colorado/1986 
13. Kogotus modestus Colorado/1984, 1985 
14. Oconoperla innubila North Carolina/1985 
15. Osobenus yakamae California/1984 
16. Perlinodae aurea Virginia/1985 
17. Yugus arinus North Carolina/1985 

Family Peltoperlidae 

1. Peltoperla arcuata West Virginia/1985, 1986 
2. Peltoperla tarteri West Virginia/1986 
3. Tallaperla anna North Carolina/1984, 1985 
4. Tallaperla elisa North Carolina/1985 
5. Tallaperla lobata North Carolina/1985 
6. Tallaperla maria Virginia/1986 
7. Viehoperla ada North Carolina/1984 
8. Yoraperla sp. California/1984 



the male and/or female strike or rub the substratum with 

the posteroventral portion of their abdomens (Rupprecht, 

1967; Maketon and Stewart, 1984b), although some species 

tremulate without abdominal/substratum contact (Rupprecht, 

1981). The number and spacing of the resultant vibrational 

pulses provide the necessary information for species and 

sex recognition. 

Males usually initiate the communication with females 

by producing a vibrational call. Males will usually drum 

and mate repeatedly with several females, but mated females 

will no longer answer male calls and often exhibit 

avoidance by raising the abdomen to prevent copulation 

(Rupprecht 1967; Szczytko and Stewart 1979a,b, Stewart and 

Zeigler 1984b). Males usually search for the female 

between calls and become more active after the female 

responds (answers). Females of most species become 

stationary after establishing communication with the male; 

however, in a few species females search for the male 

(Rupprecht 1967, Zeigler and Stewart 1977; Szczytko and 

Stewart 1979a,b; Stewart et al. 1982a,b; Maketon and 

Stewart 1984a). There appears to be no courtship function 

in drumming, since mating is attempted by males immediately 

after tactile contact with females, even in the absence of 

prior drumming communication. 

The use of substratum vibrations is a major avenue of 

communication in arthropods, including termites (Howse 



1964), beetles (Tschinkel and Doyen 1976), ants (Marke and 

Fuchs 1972), waterstriders (Wilcox 1979) spiders (Stratton 

and Uetz 1981; Rovner and Barth 1981), and lacewings (Henry 

1982), and seems to have evolved its most diverse and 

complex form in the Plecoptera. Therefore, an intensive 

study of Plecopteran drumming behavior should provide major 

insights in attempting to reconstruct possible evolution of 

this behavioral system in animals. 

The major information of the acoustical signal that is 

readily quantifiable consists of: (1) the number of beats 

or rubs and their pattern (series of single beats, series 

bi-beats etc.)/ (2) beat or rub intervals and their 

pattern (constant, decreasing, increasing etc.), and (3) 

frequency and rub duration in rubbing species. 

The major patterns of drumming can be summarized as: 

1. Tapping male call - tapping female answer 

a) monophasic simple call by male — female answer 

follows (2-way). 

b) monophasic simple call by male — female answer 

follows - male response (3-way, 4-way etc.) 

c) multi-phasic call (phase with different 

intervals) female answer follows (2-way) -

male response (3-way etc). 

d) multi-grouped call (<3 groups of >5 taps) -

female answer follows. 

e) grouped call (>3 groups of <5 taps) - female 



answer interspersed between groups. 

f) combinations of grouping - phasing call - female 

answers. 

2. Rubbing call - tapping answer 

a) rub call - female answer 

b) rub-tap combination call - female answer. 

3. Tremulation 

male calls by abdominal vibration - female answer. 

The following five chapters will approach aspects of 

drumming according to objectives previously stated. 

Chapter XI contains previously unpublished 

characterizations of drumming of seven Perlodidae species. 

Chapter III proposes and identifies characters, patterns 

and evolution of drumming in the families Perlidae and 

Peltoperlidae and the order Plecoptera. Chapter IV 

illustrates use of drumming evidence to help solve species 

and generic questions in cryptic groups of Isoperla, 

Pteronarcys, and Taeniopteryx. Chapter V summarizes work 

using computer-simulated male calls with experimental 

groups of live females of three species to identify female 

recognition thresholds, and therefore experimentally model 

and identify intraspecific variation of male calls within 

studied populations and identify informational content of 

male calls. Chapter VI addresses the relationship of 

morphology of the abdominal drumming structures, as 

revealed by scanning electron microscopy (SEM), with 

evolved signalling patterns. 



CHAPTER II 

FURTHER DETERMINATIONS OF DRUMMING, AND EVOLUTION OF THE 

BEHAVIOR, IN NORTH AMERICAN PERIODIDAE (PLECOPTERA) 

Introduction 

The drumming of only seven (13%) of the total 56 North 

American Perlodinae species, representing five of the 23 

genera, has been described and quantified, including 

Hydroperla fugitans (Needham and Claassen), Graham (1983); 

Helopicus nalatus (Frison), Isoqenoides elongatus (Hagen) 

and Isogenoides zionensis Hanson, Stewart and Zeigler 

(1984a); Chernokrilus misnomus (Claassen) and Pictetiella 

expansa (Banks), Maketon and Stewart (1984a); Hydroperla 

crosbyi (Needham and Claassen), Zeigler and Stewart (1985). 

Males of these species produce three types of call 

patterns: (1) monophasic (Chernokrilus, Helopicus and 

Pictetiella), (2) a complex grouped-monophasic combination 

(Isogenoides), and (3) bi-grouped (Hydroperla). Females 

produce only monophasic signals consisting of individual 

answers to monophasic and bi-grouped calls or interspersed 

answers within grouped calls. 

It is obvious that a clearer picture of drumming 

variation, patterns and evolutionary inferences within the 

family Perlodidae and Plecoptera can be obtained only after 

8 



the behavior is elucidated for a broader spectrum of 

species and genera. It was therefore my objective in this 

research to (1) determine drumming behavior for species in 

the additional six genera Clioperla (Isoperlinae), 

Diploperla, Oconoperla, Osobenus, Perlinodes, and Yugus, 

( P e r l ° d i n a e ) to fill critical gaps in knowledge, and 

(2) compare and discuss drumming patterns among species, 

and evolution of the behavior in the subfamily Perlodinae. 

Materials and Methods 

Collecting and Rearing -- Stoneflies were collected as 

mature nymphs and reared to adults in styrofoam containers 

kept in environmental chambers, or in wire cages kept in a 

Living Stream . The seven species were collected as 

follows: (1) Clioperla clio (Newman), Arkansas, Dallas Co., 

Populi Creek Bridge, Hwy. 273 West of Fordyce, 16-111-1984, 

B.C. Poulton; Arkansas, Polk Co., Six Mile Creek, Hwy. 71 

North of Cove, 23-111-1984, B.C. Poulton; and Arkansas, 

Sevier Co., Pond Creek, Hwy. 41 at Horatio, 24-111-1984, 

B.C. Poulton, (2) Diploperla robusta Stark & Gaufin, West 

Virginia, Wayne Co., Millers Fork of Beech Creek, Millers 

Fork Rd., 15-V-1984, K.W. Stewart, and R.F. Kirchner, (3) 

Isogenodes zionensis Hanson, Colorado, San Miguel Co., 

Leopard Creek, Hwy. 62 3 mi. northeast of Placerville, 

19-IV-1986, K.W. Stewart and R.D. Hassage; and Colorado, 

Conejos Co., Rio Conejos River, 17-VI-1986, R.D. Hassage, 
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(4) Oconoperla innubila Needham & Claassen, North Carolina, 

Macon Co., Robin Creek, Forest Rd. 69 Wayah Bald., 

3-V-1985, K.W. Stewart, B. Kondratieff, and R.F. Kirchner, 

(5) Osobenus yakimae (Hoppe), California, Tulare Co., South 

Creek, 22 mi. north of Kernville, 15-V-1984, K.W. Stewart, 

and B.C. Poulton, (6) Perlinodes aurea (Smith), Oregon, 

Union Co., Fork of Tyborn Canyon Creek and Burnt Corral 

Creek, 29 mi. East of Ukiah, Oregon at mi. 29.6, 2-III-85, 

K.W. Stewart, (7) Yugus arinus (Frison), North Carolina, 

Haywood Co., GSMNP, Cataloochee River, 4-V-1985, K.W. 

Stewart, B. Kondratieff, and R.F. Kirchner. 

Light and temperature regimes of the rearing chambers 

were set to approximate stream conditions near the 

emergence time of each species. Virgin adults were removed 

and separated into small vials plugged with cotton and 

maintained in environmental chambers until 1 or 2 hours 

before observation and recording of drumming. 

Audio recording and oscilloscope methods -- Signals 

were recorded using the separated sound chamber and 

recording equipment described by Stewart and Zeigler 

(1984a,b). A male and female were placed in separate boxes 

constructed of heavy manilla file folder paper (2x5x7.5 

3 

cm ), and covered with transparent plastic petri plates to 

allow observation. These boxes were located in the 

separate compartments of the sound chamber, connected by a 

wooden rod to transmit vibrations produced by the male and 
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female. A Sony ECM-95S Electret Condenser microphone 

rested 2-3 mm below each box, which was set on foam rubber 

This system allowed stereo recording, with the male and 

female on separate channels, which has proven useful in 

discerning male and female beats when signals overlap. 

Temperature and light conditions during laboratory 

recording were monitored using a Kahl model 268 WA. 620 

light meter. All recordings were played into a Tektronix 

5111 storage oscilloscope for analysis. Characteristic 

signals were photographed with a Polaroid CR-9 Land 

oscilloscope camera. 

Results and Discussion 

Clioperla clip -- six signals were obtained from four 

1-5-day-old males at 23-25°C, 0 and 60 ftc. Males had 

simple monophasic calls consisting of 6.2±1.5 beats (mode 

7), with beat intervals during the call increasing from 

303.0±37.6 to 329.3±41.2 msec (x±SD 312.9±24.3) (Table II, 

Fig. 1). 

Four females, tested with the four males, gave no 

answers. However, one 26-day-old female gave 11 answers to 

a recorded male signal. These answers consisted of 1.2±0.4 

beats (mode 1, range 1-2) with beat intervals of 327.5±3.5 

msec. They were interspersed during the male call, 

following his fourth to last beats of male call by about 

136.5±12.8 msec (Table II, Fig. 1). 
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These signal characteristics are generally similar to 

Graham's (1983) data from Wisconsin C. clio males, whose 

beats were 9.1±4.2 with a mean interval of 357.0±199.0 

msec., and females, having 1.5±0.7 beats and with only one 

beat interval of 275.5 msec. Unlike the Wisconsin 

population which drummed only under a zero ftc condition, 

the Arkansas population drummed both under zero and 60 ftc, 

possibly indicating variation in diel periodicity of 

drumming activity between the two widely-separated 

populations. Clioperla clio calls are surprisingly similar 

to D. robusta below, whose males had 5.0±0.8 beats, with 

mean intervals of 363.8±61.3 msec except that C. clip 

signals are never grouped as potentially is the case for D. 

robusta. These species occur in the same general mountain 

ranges (except the Ozarks), but as far as I know do not co-

occur in the same streams, and are probably temporally 

separated in emergence. It will be interesting to compare 

female signals when D. robusta female answers become 

available. Drumming in C. clio can generally be described 

as a 2-way communication with overlapped male-female 

signals. 

Diploperla robusta -- Three pairs were tested, but 

only four signals were obtained from one 1-day-old male at 

23°C and zero ftc. Two of his calls appeared to be 

monophasic, (separated by a long interval whereas the two 

others were grouped and separated by only 1040 msec (Fig. 
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Fig. 1 Clioperla clip 2-way exchange with overlapped 
male-female signal at 23°C/60 ftc. 

Fi§- 2--Piplogerla robusta sequence of male signal 
at 23 C/60 ftc. 
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2). The mean number of beats for these four signals were 

5.0±0.8 (mode 5), with beat intervals of 363.8±61.3 msec 

(Table II). Therefore it is impossible with the limited 

number of signals to determine whether the pattern for this 

species is a contiguous group of signals, as observed in 

many Isoperla species, or a sequential call-answer pattern. 

Isogenoides zionensis -- Sixty-four and 34 signals 

were obtained from five and four 2-7-day-old males and 

females, respectively, at 23°C, and 60 ftc. Their signals 

consist of a long series of male-female exchanges that 

usually contain a mixture of two basic patterns: (1) 

grouped calls with interspersed female answers (5-way or 

more, Fig. 3), which could occur anytime during exchange 

(i.e., observed at the beginning as reported by Zeigler and 

Stewart 1984a, or in the middle or toward the end), and (2) 

a relatively simple 2-3 way call-answer sequence also 

occurring erratically within the exchange (Fig. 4). 

In the grouped portion of exchanges (Fig. 3), the male 

displayed early groups (here interpreted as calls) that 

have 10.8±1.0 beats (range 8-12; Table II), with beat 

intervals within groups increasing from 307.0±109.5 to 

383.0±39.2 msec (x±SD 352.1±62.9). The interspersed female 

answers had 1.9±0.5 beats (mode 2), with beat intervals of 

x±SD 116.0±22.3 msec. These answers followed each male 

group by 667.3±53.4 msec. The last signal group by a male 

in these grouped portions of exchange (interpreted here as 
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Fig. 3--Isogenoides zionensis grouped calls with 
interspersed female answer at 23°C/60 ftc. 

Fi§- 4--Isogenoides zionensis simple 3-way call-answer 
sequence at 23uC/60 ftc. 
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a response to previous female interspersed signals) was 

different and had 2.3±0.6 beats (mode 2), with beat 

intervals increasing from 105 to 146 msec (x±SD 127.8±2.3), 

and following the last beat of the last female interspersed 

answer by 693.8±117.2 msec. This last male group signalled 

termination of the grouped portion of the exchange, to be 

immediately followed by another grouping or call-answer 

sequence. 

In the 2-3-way call-answer sequence of the long 

exchanges (Fig. 4), male calls consisted of 3.7±0.3 beats 

(mode 4, Table IX), with beat intervals within groups 

increasing from 340.3±36.7 to 371.2±22.9 msec (x±SD 

364.8±25.5). Female answers consisted of 2.0±0.3 beats 

(mode 2), with beat intervals of 105.1±16.9 msec and 

following the last beat of the male call by 661.5±25.2 

msec. The male response had 2.8±0.9 beats (mode 2 and 3), 

and beat intervals increased from 98.2±17.2 to 143.5±9.4 

msec (x±SD 130.7±16.5), and followed the last beat of the 

female answer by 519.2±107.2 msec. These data are 

compatible to descriptions of this complex form of drumming 

given by Zeigler and Stewart (1984a), which were based on 

observations of only one pair. 

Oconoperla innublla — Pairs were tested at 23-25°C 

with 60 ftc of light. Sixteen signals were obtained from 

one wild and two 1-2 day-old reared males; no response was 

obtained from two virgin females. Calls were fast, 
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Fig. 5--0conoperla innubila male call at 23°C/60 ftc. 

Fig. 6--0conoperla innubila wing fluttering of male 
at 23°C/60 ftc. 
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monophasic signals composed of 7.5±0.5 beats (mode 8), with 

short intervals increasing from 29.8±2.2 to 44.5±4.8 msec 

(x±SD 35.5±1.8; Table II, Fig. 5). Amplitude of male 

signals was lowest at the beginning and end. The fast 

nature of these signals is similar to the western perlodine 

Pictetiella expansa (Banks) (Maketon and Stewart 1984a), 

whose calls have mean intervals of 32.2±1.0 msec, but the 

number of call beats of 0. innubila is significantly 

different from P. expansa (7.5±0.5 versus 13.3±0.7 beats). 

Males of this species also exhibited wing flutter which 

seemed closely associated with drumming, but the wing 

flutter signal (Fig. 6) had a wider range in number of 

beats (7-21) than the drumming signal but had similar 

intervals. 

Osobenus yakimae -- Two pairs were tested, and only 

one signal was obtained from a 5-day-old male at 24°C and 

50 ftc. Has signal had 3 beats, with a mean beat interval 

of 390.5±119.5 msec (Table II, Fig. 7). Obviously we can 

say nothing about variation, and further work is needed to 

adequately characterize drumming of this species. 

Perlinodes aurea -- Five pairs were tested and 22 

signals were obtained from four 1-15-day-old males at 

23-24 C and 60 ftc. Calls were monophasic, with a mean of 

2.4±0.5 beats (mode 2), having beat intervals of 528.3±30.7 

msec (Table II, Fig. 8). This is a distinct, slow call, 

with the longest intervals yet recorded for any species of 

Perlodinae. 
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Fig. 7--Osobenus yakimae male call at 24°C/50 ftc. 

Fig. 8--Perlinodes aurea male call at 23°C/60 ftc. 
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Yu<?us a r i n u s -- Fifty-three and 12 signals were 

obtained from three males and one female, respectively, at 

23.5-26°C and 60 ftc. Males were 1-4-day-old, and the 

female was seven days old. No drumming was obtained from 

the female when tested with males at 1-2 day old. 

Males produced a monophasic call with approximately 

equal intervals of 68.5±3.6 msec and 6.2±1.1 beats (mode 5, 

6, and 7; Table II, Fig. 9). The female answered 80 per 

cent of male calls with a monophasic signal, 239.8±89.8 

msec after the completion of calls. Her answers had 

2.2±1.1 beats (mode 2) with a beat interval of 81.0±11.5 

msec (Table II, Fig. 9). 

Five of the 12 male-female exchanges were 3-way. 

Males responded 420.2±41.1 msec following the female answer 

with 1.8±0.4 beats (mode 2), having beat intervals of 

62.2±49.5 msec. In comparison with other known Perlodinae, 

the signals of both male and female are closest to 

Isogenoides frontalis (Newman) (Graham 1983, male calls: 

4.9±4.1 beats, beat intervals 50.0±9.1 msec, female answers 

with one beat), but are significantly different from that 

allopatric species. 

Conclusion 

Although drumming in these seven species revealed no 

new patterns in Perlodidae, these data serve to expand our 

knowledge of generic difference, enabling preliminary 
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Fig. 9--Yugus arinus 2-way exchange at 26°C/60 ftc. 
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inferences on pattern polarity and possible evolutionary 

trends in the family. Among Perlodinae, 0. innubila, 0. 

yakimae, P. aurea, and Y. arinus produced monophasic calls, 

which added to the previously reported data on C. misnomus 

and P. expansa (Maketon and Stewart 1984a) and H. nalatus 

(Stewart and Zeigler 1984a), bring the total displaying 

this pattern to seven species representing seven genera. 

Further study of more pairs of I zionensis further 

increases our confidence in the earlier characterization of 

its signal by Zeigler and Stewart (1984) as highly complex, 

with components of both: (1) grouped male call-interspersed 

female answer, and (2) simpler call-answer sequence, within 

long signal exchanges. At this point, it is unclear which 

pattern fits D. robusta. 

Out-group comparison (Watrous and Wheeler 1981) using 

these data (character 1. = monophasic call-female answer, 

character 1* = grouped call-interspersed female answers or 

combinations; TIG = genera within Perlodinae, TOG = genera 

of other Plecoptera families) indicated that the grouped, 

complex drumming of I. zionensis and two species of 

European Diura (Rupprecht 1972) is a derived behavioral 

character, and that the simpler call-answer pattern of the 

seven genera mentioned above is ancestral. Out-group 

comparison of the bi-grouped call of the two species of 

Hydroperla (Graham 1983 and Zeigler and Stewart 1985) 

similarly indicates that the bi-qrouped call is derived 
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from the ancestral monophasic call. 

In the Isoperlinae subfamily of Perlodidae (Szczytko 

and Stewart 1984) similar patterns of drumming, both 

monophasic and grouped male calls, have been observed, and 

the grouped calls of some Isoperla (Szczytko and Stewart 

1979b; Chapter IV) and the grouped bi-beat calls of 

Calliperla luctuosa (Banks) (Stewart and Zeigler 1984a), 

and Kogotus modestus (Banks) (see Chapter V) would also 

prove derived by out-group comparisons. In light of this, 

the C. clio pattern I have discussed is ancestral. In 

studies of over 70 Palearctic and Nearctic stonefly species 

by R. Rupprecht and co-workers, and K.W. Stewart and co-

workers, the grouped drumming pattern has been observed 

only in the Perlodidae, with exception of Leuctra 

pseudosignifera Aubert (Leuctridae) (Rupprecht 1977), which 

has a somewhat different character in that the grouping 

occurs in the first phase of a diphasic male call. That 

unique character is undoubtedly derived from simpler types 

of signal patterns in that family. 



CHAPTER III 

PATTERNS AND EVOLUTION OF DRUMMING BEHAVIOR IN THE 

STONEFLY FAMILIES PERLIDAE AND PELTOPERLIDAE 

Introduction 

Stoneflies (Plecoptera) comprise one of the major 

insect orders inhabiting stream ecosystems, and are 

represented in North America by approximately 98 genera and 

an estimated 580 species. Early classifications and 

phylogenetic inferences were based primarily on external 

adult morphology (Claassen 1925, Hanson 1939, Frison 1935, 

1942, Ricker 1950, 1952). 

Recent efforts to expand lines of evidence for 

evolutionary and phylogenetic inference have concentrated 

on adult internal genitalia, other internal characters, egg 

morphology, larval morphology and drumming behavior (Zwick 

1973, Stark and Gaufin 1976, Szczytko and Stewart 1979a, 

Stark and Stewart 1981, Stark and Szczytko 1982, 1986, 

Stewart et al. 1982a, b, Stewart and Zeigler 1984a, b, 

Stewart and Stark 1984, Maketon and Stewart 1984a, b). 

Such efforts are in conformance with the ideas of Hennig 

(1966, 1981) and Ross (1974), who proposed utilization of 

holomorphology from all life stages and other lines such as 

25 
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behavior, physiology, and ecology, in reaching the best 

classification and phylogenetic inferences. 

A large problem at this time is that characters from 

these various lines of evidence, even when available, have 

been gathered for isolated taxa in only a few families, and 

the breadth of the character base has been little expanded 

since the last major proposal of a classification by Zwick 

(1973,1980). He used drumming as a single character, among 

103 largely morphological characters, to construct his 

cladistic argumentation scheme of Plecoptera phylogeny, and 

arrive at a revised higher classification system (Appendix 

I). At that time there were only descriptive anecdotal 

reports of the behavior, and the few quantitative 

descriptions for European Arctoperlaria (Rupprecht 1967). 

Since drumming was unobserved in the other suborder 

Antarctoperlaria, Zwick assigned non-drumming as ancestral 

in Antarctoperlaria and drumming as derived in 

Arctoperlaria, and indicated that further study was needed. 

Drumming knowledge has been greatly increased since Zwick's 

(1973) phylogenetic study (Stewart and Zeigler 1984a). 

Descriptions of 86 species have resulted from the 

pioneering drumming studies of K.W. Stewart and colleagues 

at North Texas State University since 1975. 

Nelson (1984) used the WAGNER option (Farris 1970) of 

the PHYLIP program, developed by Felsenstein, to make a 

cladistic reassessment of Plecoptera phylogenetic 
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relationships. He based the analysis largely on Zwick's 

(1973) list of characters, with some refinement from recent 

studies, that were heavily weighted to adult external and 

internal morphology. Based on the multiplicity of Wagner 

trees generated, and the less parsimonious phylogenies of 

Zwick (1973) and Brodskiy (1982), he concluded what many 

workers of this order have said, that (1) further 

characters from other life stages and from other than 

morphological lines of evidence, and (2) further refinement 

of morphological characters, are needed for better 

resolution of phylogenetic relationships in Plecoptera. 

To provide valid behavioral characters, my objectives 

in this research were to (1) fill gaps in descriptions and 

knowledge of drumming for the key uninvestigated genera in 

the two Systellognathan families Perlidae (Stewart et al. 

1982b, Maketon and Stewart 1984b) and Peltoperlidae, (2) 

further identify and classify pair-forming drumming 

characters in these families, and for the whole order, and 

determine their evolutionary polarity by the out-group 

comparison or commonality principle methods (Watrous and 

Wheeler 1981), and (3) use these characters to formulate a 

first hypothesis on the evolution of drumming behavior in 

Plecoptera. These behavioral characters generated in this 

study will be helpful to future generation of phenograms 

and cladograms using a multiplicity of characters from 

various lines of evidence, and therefore should be of 
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importance in ultimately reaching the best phylogenetic 

inferences and classification system possible. 

Materials and Methods 

Virgin adults of 10 Perlidae species and eight 

Peltoperlidae species were reared from late instar nymphs 

collected as follows: (1) Acroneuria abnormis (Newman), 

Kansas, Douglas Co., Kansas River near Lawrence, 21-V-1986, 

K.W. Stewart, (2) Acroneuria mela (Frison), Kansas, Douglas 

Co., Kansas River near Lawrence, 21-VI-1984, K.W. Stewart, 

(3) Attaneuria ruralis (Hagen), Kansas, Douglas Co., Kansas 

River near Lawrence, 21-VI-1984, K.W. Stewart, (4) 

Beloneuria georgiana (Banks), North Carolina, Macon Co., 

Robin Creek, 1.7 miles up Wayah Bald. Rd. 7-VI-1984, K.W. 

Stewart, (5) Eccoptura xanthenes (Newman), Georgia, Clarke 

Co., Wayah Bald., Bot. Gardens stream, 3-V-1986, K.W. 

Stewart; and West Virginia, Pocahontas Co., Hill Creek 

below upper Falls, 9-V-1986, K.W. Stewart and R.F. 

Kirchner, (6) Hansonoperla appalachia Nelson, West 

Virginia, Greenbriar Co., Confluence Coats Run and North 

Fork Cherry River, Rt. 39, 14-V-1984, K.W. Stewart, R.F. 

Kirchner, B. Kondratieff, (7) Neoperla clymene (Newman), 

Kansas, Douglas Co., Kansas River near Lawrence, 

21-VI-1984, K.W. Stewart, (8) Paragnetina media (Walker), 

Arkansas, Stone Co., Blanchard Springs, 2 miles Northeast 

of Hwy. 56, 19-111-1985, B.C. Poulton; and Virginia, Smyth 



29 

Co., North Fork Holston River, Rt. 620 at bridge, 

ll-V-1986, K.W. Stewart, R.F. Kirchner and B. Kondratieff, 

(9) Perlesta sjd. , Kansas, Douglas Co., Kansas River near 

Lawrence, 21-VI-1984, K.W. Stewart, (10) Perlinella ephyre 

(Newman), Arkansas, Randolph Co., Janes Creek, Hwy 90 

Bridge, 1 mile south of Ravenden Springs, 8-VI-1985, B.C. 

Poulton, (11) Peltoperla arcuata Needham, Virginia, Wythe 

Co., Jefferson North Fork, East Fork of Stoney, Fork of 

Reed Creek, 2-V-1985, R.F. Kirchner, and West Virginia, 

Pocahontas Co., Tea Creek (Head Waters) Right Fork, 

Monongahela National Forest, 9-V-1986, R.F. Kirchner, and 

K.W. Stewart, (12) Peltoperla sp. (tentatively tarteri) 

West Virginia, Fayette Co., Big Hollow of Paint Creek, 

ll-V-1986, K.W. Stewart and R.F. Kirchner, (13) Tallaperla 

a n n a (Ne©dham and Smith), Robin Creek, Forest Road 69, 

Macon Co., North Carolina, 3-VI-1984, 30-V-1985, K.W. 

Stewart, B.P. Stark, and R.F. Kirchner, (14) Tallaperla 

elisa Stark, Robin Creek, Forest Road 69, Macon Co., North 

Carolina, 3-V-1985, K.W. Stewart, (15) Tallaperla lobata 

Stark, GSMNP, Cataloochee River, Haywood Co., North 

Carolina, 4-V-1984, K.W. Stewart, B.P. Stark, and R.F. 

Kirchner, (16) Tallaperla maria (Needham and Smith),. 

Virginia, Giles Co., Little Stony Creek, Jefferson North 

Fork at Pembroke Rt. 623 Cascades Recreation area, 

12-V-1986, K.W. Stewart, (17) Viehoperla ada (Needham and 

Smith), North Carolina, Macon Co., Rattlesnake, Spring/Shot 
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Pouch Creek, 3-VI-1984, K.W. Stewart, (18) Yoraperla sp 

California, Siskiyou Co., Big Spring Creek at Mt. Shasta 

City Park, 22-V-1984, M. Maketon. 

A H r e c o rding sessions were done in the lab at 23±2°C, 

using the stereo recording method described in chapter II. 

Results and Discussion 

Family Perlidae 

Of the 13 species (8 genera) in which drumming has 

been described (Stewart et al. 1982b, Maketon and Stewart 

1984b), rubbing has been reported in Acroneuria, 

Calineuria, and Doroneuria. The tapping method is 

exhibited in all other North American Perlidae genera whose 

drumming is known, including Agnetina, Claassenia, 

Hesperoperla, Paraqnetina, and Perlinella. 

Drumming characteristics of the 10 recorded species 

(Table III) brings to 21 the total Perlidae species whose 

drumming signals are now known and enables a preliminary 

characterization of male call pattern in all genera except 

Neoperla. Obviously the small sample sizes in some species 

do not enable determination of signal variation. 

Acroneuria abnormis -- Fourteen signals were obtained 

from one wild male (Kansas) at 24°C and 60 ftc. His calls 

were di-phasic as with other known Acroneuria species, but 

the first phase was of such poor quality (apparently due to 

a resonance set up in the drumming box as occurred with A. 



w a 
« in 
•U M 
C IX 

c? ® 
c w 
u E 
JC — 

«| c 
J-»l tr 
(T! !•—' 

IF 

!a i 
E"1 j <-n\r-4 ootr 

u) a 
<V E 

4) 

C| 
JQIU 
rt.'C 

c -
o < 
M, « 

I1** 
CO | • 
r-jv 
(Nl*r 
<n| • 

155 

(in 

MiU 
C 

flllv 
•-ilCM 
S i . 
0)|< 
c : * 

03 • 
o 

I • -H 
(NjvO 
0<N 

o l a 

v£> o 
•H -H 
ID ID 

-ti>— l>— 

m u 
oio 
«|in 
Wrs 

0* -
0,'W 
Uio 

is 
(Olrn 

F 
o ] « 

31 

(N r-t 
•H -H 
o 00 
in oo 
iH m p* 

o o 
-H -H 
in o 

l*> 

rMi —- !»— 
ct<N 

ns a 
<d m 
OQ E-> 

sO 
nSlrvi 
Ci i 
•-i| tf"> 
4->ic\) 

S1 -
sl? 



32 

Fig. 10--Acroneuria abnormis male call at 24°C/60 ftc. 

_4 
IF 

Fig. ll--Acroneuria mela male call at 24°C/60 ftc. 
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abnormis from Tennessee and Georgia, Stewart et al. 1982b) 

that only three clear calls of the first phase could be 

measured. It was composed of 10.3±1.5 beats (range 9-12) 

with beat intervals of 70.9±12.3 msec. The second phase 

consisted of 3.6±0.9 beats (mode 4) with beat intervals of 

27.8±4.0 msec (Table III, Fig. 10). The distance between 

the first and second phase was 703.0±72.6 msec. 

In comparison with the Tennessee/Georgia population 

(Stewart et al. 1982b) in which the first phase of the male 

call had 37.3±6.3 beats and 33.0±1.0 msec beat intervals 

and second phase had 8.5±0.5 beats and 23.0±1.0 msec beat 

interval, the only parameter that overlapped was that of 

beat intervals of the second phase. All other parameters 

are substantially different (2 to 3 times), suggesting: (1) 

behavioral variation in the separated populations, (2) that 

these populations could represent separate sibling species, 

or (3) small sample sizes are not reflecting typical 

signals for one or both populations. 

Acroneuria mela -- Three pairs were tested at 23-24°C 

and 0-60 ftc. Twenty-nine signals were obtained from three 

1-27-day-old males, and no answers were obtained from 

females. The calls were complex and highly variable. 

Seventy-nine per cent (23 of 29) were diphasic calls, 

consisting of a rub-tap first phase (or rub or tap portion 

missing) and a tapping second phase (Fig. 11). The number 

of beats and beat intervals of the first and second phases 
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were 45.4±4.7 and 2.8±1.6 beats and 23.8±0.1 and 25.3±0.8 

msec, respectively (Table III). Less frequently the call 

consisted of: (1) the tapping portion of Phase I only 

(n=l), (2) the rubbing portion of the first phase only 

(n=2), or (3) the second phase only (n=2). In these cases 

the number of beats and beat intervals were similar to the 

typical diphasic call. in addition, there were eight 

instances where an additional signal was given (Fig. 11), 

that appears to be a male response to either no female 

answer to one of the variable calls or to no previous male 

or female signal. This call pattern is similiar to the 

rub-tap (first phase) and tapping (second phase) of 

Acroneuria evoluta Klapalek (Maketon and Stewart 1984b). 

Attaneuna ruralis -- Fifteen signals were obtained at 

24 C, and 50 ftc from one wild male collected at night with 

a lantern. Six of the signals were composed of two phases. 

The first phase consisted of 12.3±2.5 beats (mode 14), with 

beat intervals increasing from 29.7±2.6 to 38.1±1.7 msec 

(x±SD 34.6±3.2). The second phase consisted of 5.2±3.3 

beats (mode 2 and 9) with beat intervals increasing from 

72.5±15.2 to 102.8±34.9 msec (x±SD 81.0±25.5; Table III, 

Fig. 12). The distance between the two phases was 

337.7±73.0 msec. The signals appearing as only one phase 

were similiar to the first phase of the diphasic calls 

indicating that these calls could have been atypical with 

the second phase aborted for some reason. 
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Fig. 12--Attaneuria ruralis male call at 24°C/50 ftc. 

Il A 

Fig. 13--Beloneuria georgiana 2-way exchange at 24-25°C/60 ft( 
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This signal pattern is close to several Acroneuria 

in being diphasic, but differs in that most Acroneuria s ^ 

have intervals of the first phase greater than those in the 

second phase. This description of the male A. ruralis call 

is tentative, due to small sample size and no females being 

available. 

Beloneuria georgiana — Three signals were obtained 

from two 1-day-old males at 24-25°C and 60 ftc in absence 

of females. Calls were tri-grouped, consisting of 3 groups 

of 2-4 beats (x±SD 2.6±0.1, mode 2) each, with intervals 

within and between groups of 54.1±3.4 and 361.7±42.9 msec 

(Table III, Fig. 13), respectively. The amplitude 

increased with each group of the call. 

Two females emerged when no males were available. 

Recordings were made of their answers at 1-3-day-old at 

24-25°C and 60 ftc to the previously recorded male signals 

at the same temperature. Ten answers followed the last 

beat of the male call by 215.4±22.5 msec and consisted of 

3.8±1.1 beats (mode 3 and 5) and beat intervals of 55.8±5.4 

msec (Table III, Fig. 13) with a very slight increase in 

beat interval as the signal progressed (first: last beat 

intervals 53.3±8.1: 59.5±3.5). One female was observed to 

drum without male stimulation. 

This multi-grouped male call pattern, with groups 

having similiar intervals (and therefore differing by 

definition from multiphasic, sequential calls) is unique 
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among Perlidae, and therefore, probably is derived as in 

Hydroperla of the Perlodidae (Zeigler and Stewart 1985). 

Eccoptura xanthenes -- Four pairs were tested at 

23-24°C, and 60 ftc. Twenty-eight calls were obtained from 

three 1-3-day-old males, and only one answer was obtained 

from one female. Calls consisted of one group (Fig. 14) to 

four groups of 1-10 beats (x±SD 5.2±1.9) (Fig. 15) each, 

with beat intervals within groups decreasing as the signal 

progressed as observed in Acroneuria lycorias (Newman) 

(Stewart et al. 1982b) (first interval: last interval = 

46.2±9.7: 25.0±4.0), with overall mean of 36.2±4.8 msec. 

Intervals between groups were 1636.1±414.5 msec (Table III, 

Fig. 14-16). 

One female gave one two beat answer (Fig. 16), with a 

41.0 msec interval, interspersed after the first group of a 

4-grouped male call by 333.0 msec (Fig. 15). The distance 

between her answer and the first beat of the second male 

call group was 823.0 msec (Table III). Another female was 

observed to drum by herself after a long time period after 

two typical calls from a male in the opposite chamber. Her 

signals consisted of 6.0±1.4 beats (range 5-7) with beat 

intervals increasing as her signal progressed (first 

interval: last interval = 54.5±6.4: 96.0±5.7, with overall 

mean of 73.7±16.2 msec; Fig. 17). After her signal, the 

male drummed in a pattern that imitated her signal (6.3±0.9 

beats, with beat intervals increasing as signal progressed, 
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Fig. 14--Eccoptura xanthenes male call at 23°C/60 ftc. 
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15--Eccoptura xanthenes complete groups male call 
and female answer at 23°C/60 ftc. 

Fig. 16--Eccoptura xanthenes part of male call and 
female answer at 23°C/60 ftc. 
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ill 1' 

" 11 n 
Fig. 17-Eccoptura xanthenes female drumming signal at 

23°C/60 ftc. 

Fig. 18--Eccoptura xanthenes male call pattern imitating female 
call at 23 C/60 ftc. 
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first: last interval= 59.1±10.2: 93.3±10.2 msec, with 

overall mean of 73.0±14.2 msec. Fig. 18). with the small 

number of observations, the above description indicates 

that Eccoptura has a unique grouped call-interspersed 

answer pattern, similiar to the pattern in some Perlodidae 

(example Kogotus, Chapter V), except that each call group 

is composed of more average numbers of beats than in 

Perlodidae). This signal pattern therefore seems different 

than the multi-grouped call-female, answer sequential 

pattern of B. georgiana above, unique among the Perlidae, 

and therefore probably derived. 

Hansonoperla appalachia -- One male and five females 

were sucessfully reared from 8 nymphs of this rare species. 

Forty signal exchanges were obtained from the 4-5-day-old 

male and 1-3-day-old females at 23-24°C and 60 ftc of 

light. All male calls had three beats with first and 

second interval spacing of 860.5±6.2 and 80.5±0.7 msec, 

respectively (Table III, Fig. 19). The last beat was 

always firmer than the first two beats. 

Females answered male calls with one beat. This 

answer followed the last beat of the male call by 

140.7±11.6 msec (Table III, Fig. 19). No variation of 

number of beats was observed in the female answers. 

Amplitude of female signals was always lower than male 

calls. Two of the four females appeared to drum with a 

single beat in absence of male stimulation. 
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Fig. 19--Hansonoperla appalachia 2-way exchange at 24°C/60 ftc. 

Fig. 20--Neoperla clymene female call at 23°C/60 ftc. 
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Hansonoperla appalachia, Perlinella drymo (Newman) 

(Zeigler and Stewart 1977) and P. ephyre (only male calls 

known, Kondratieff et al. 1986) all have the same drumming 

pattern (male calls have three beats and female answers 

have one beat). They differ only in male call beat 

interval spacing. Since there is no analogous comparison 

among species in closely related genera in Perlidae or 

other families, and the Perlinella species and H. 

appalachia are very similiar morphologically, this would 

caste doubt as to whether Hansonoperla is a valid genus. 

Neoperla clymene -- Two pairs were tested at 23-25°C 

and 60 ftc. Nine signals were surprisingly oCtained only 

from two, 2-5-day-old females. Their signals were highly 

variable, consisting of 29.8±25.8 beats (range 11-86), with 

mean intervals of 55.9±13.2 msec (Table III, Fig. 20). 

This initiation of female drumming in the absence of male 

calls has also been observed at low frequency in Doroneuria 

baumanni Stark and Gaufin (Maketon and Stewart 1984b), B. 

georgiana, E. xanthenes, H. appalacia, and in some species 

of Soliperla (Stewart and Zeigler 1984a). This trait is 

apparently rare, and its possible function is unknown, but 

I speculate that it might announce female presence to 

'•̂ x̂ky males, either exciting them to answer and/or move 

toward the female, or to initiate a calling pattern. It 

may be prove to be a derived pattern of some systematic 

value or just isolated instances of female response to non-
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male stimuli. Calling by females would seem to be a viable 

alternative to male calling in closely aggregated 

individuals of a species, unless the female signal were 

attractive to predators such as spiders. Male calling in 

such an instance would seem less precarious since the male 

is in a constant searching movement, and males are 

generally more dispensible to polygamous species than 

females. Additional research is needed into Neoperla 

drumming to clarify this speculation and to characterize 

the drumming pattern in the genus. 

Paragnetina media -- Twenty-seven calls and 20 answers 

were recorded at 25-26°C, 60 ftc from three 1-6-day-old 

male and from one 1-2-day-old female from the Arkansas 

population. Calls were monophasic, consisting of 19.5±1.2 

beats (mode 20) with beat intervals increasing from 

33.9±4.1 to 114.7±9.2 msec (x±SD 46.9±4.3; Table III, Fig. 

21) . 

Female answers were also monophasic with 9.8±0.6 beats 

(mode 10) and with beat interval increasing from 53.8±4.9 

to 113.0±7.2 msec (x±SD 72.7±1.8 msec). Six of her 20 

answers overlapped with the male call, and the other 14 

followed the last beat of the male call by 108.2±19.2 msec 

(Table III, Fig. 21). 

Sax signals were recorded at 23-24°C, 60 ftc from two 

1-3-day-old males of the Virginia population. Calls had 

18.0±1.4 beats (range 17-20) with beat intervals increasing 
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Fig. 21--Paragnetina media 2-way exchange at 25°C/60 ftc. 

Fig. 22--Paragnetina media male call at 24°C/60 ftc. 
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from 30.2±3.1 to 124.9±7.2 msec (x±SD 50.9±6.8) (Table III, 

Fig. 22). Comparison of the Arkansas and Virginia 

populations with those from Wisconsin, reported by Stewart 

et al. (1982b) and Graham (1983), show that the male call 

beats are not substantially different (19.5±1.2, 18.0±1.4, 

17.6±1.5, and 17.5 beats, respectively) between the 

populations. Female answers of the Arkansas and Wisconsin 

(Graham 1983) populations were substantially different 

(9.8±0.6 beats with 37.7±17.8 msec intervals, respectively) 

indicating a dialectual difference in females. 

Perlesta s£ Three pairs were tested at 24°C and 60 

ftc. Eleven signals were obtained from one 1-5-day-old 

male. His signals were composed of 2.0±0.6 beats (mode 2). 

The interval of 2-beats signals was 638.8±131.8 msec, and 

those of 3-beat signals were 2715.0±21.2 msec (first 

interval) and about the same as 2-beat signals (second 

interval), respectively (Table III, Fig. 23). The drumming 

signal of this species appears to be the simplest in 

Perlidae. The genus is composed of several cryptic species 

currently under revision by B.P. Stark and therefore I 

cannot determine the species of these tested individuals at 

this time. Further drumming study is needed to adequately 

characterize the genus. 

Perlinella ephyre — Twenty eight signals were 

obtained from two wild Arkansas males at 24°C, 60 ftc. 

Males produced a simple, 3-beat signal with no variation. 
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Fig. 23--Perlesta S£ male call at 24°C/60 ftc. 

I i l 
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Fig. 24--Perlinella ephyre male call at 24°C/60 ftc. 



48 

The first beat interval (89.5±0.8 msec) was always longer 

than the second (40.0±0.1 msec; Table III, Fig. 24), with 

the ratio between these intervals being relatively constant 

at 2:1. Amplitude of the signal was consistant with the 

last beat always firmer than the first two beats. Males of 

this species drummed both on the plastic lid and on the 

manila box, while searching between signals. 

The pattern of drumming in P. ephyre is very similar 

to P. drymo and H. appalachia, except in interval spacing. 

The female signals of P. drymo and H. appalachia are also 

identical, with single beat answers. 

Family Peltoperlidae 

Drumming behavior of only two genera of peltoperlids, 

four species of Soliperla, and the single species of 

Sierraperla have been previously reported (Stewart and 

Zeigler 1984a: Zeigler and Stewart 1985). The diphasic 

calls of Soliperla fenderi (Jewett) are in marked contrast 

to calls of the other three Soliperla species whose calls 

are monophasic. The exchange in two of four Soliperla, 

whose females answered males, were 3-way. In Sierraperla 

cora (Needham and Smith) the call is also monophasic with a 

3-way sequential pattern of exchanges. 

The newly discovered drumming characteristics of eight 

additional species I am reporting (Table IV), bring to 13 

the total Peltoperlidae species, representing six genera, 

whose drumming signals are now known. 
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Peltoperla arcuata -- Two males were successfully 

reared in 1985 from the Virginia population. Eight signals 

were obtained from them, at 23°C and 60 ftc, when they were 

1-day-old. Their calls were composed of a single rub and 

three tapping beats, with no variation (Fig. 25a). The rub 

had a mean duration of 87.7±10.4 msec with a frequency of 

ca. 550 Hz (Fig. 25b). The interval between the rub and 

the first beat was longer (x±SD 635.9±5.9 msec) than the 

intervals between taps, which were similar (x±SD 139.0±9.2 

msec; Table IV, Fig. 25a). 

Nine signals were obtained in 1986 from six, 1-2-day-

°ld W e s t Virginia males at 23-25°C, 60 ftc. Their calls 

were more variable than the Virginia males, probably due to 

the larger male sample. Four had one rub and 2-3 beats, 

similar to the Virginia population, another four had only 

two beats, and one consisted of only the single rub. The 

complete rub-beat calls observed in 3 males, had one rub 

and 2.3±0.6 beats (mode 2 beats) with a rub duration of 

70.5±17.0 msec and frequency of ca. 450 Hz (Fig. 26b). The 

interval between the rub and first tapping beat was 

780.7±136.2 msec and beat interval between tapping beat 

were 154.4±14.4 msec (Table IV, Fig. 26a). The four tap 

only calls had 2.0±0.5 taps with a mean interval of 

175.5±17.0 msec (Fig. 27). The one single rub only call 

had a duration of 84 msec; Fig. 28, which compare favorably 

with the rub of Virginia males. These variations between 
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I | j; 25A 

25B 

Fig. 25--Peltoperla arcuata (A) male call at 23°C/60 ftc; 
(B) first rub magnified. 
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26A 

26B 

Fig. 26--Peltoperla arcuata (A) male call at 23°C/60 ftc; 
(B) first rub magnified. 
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Fig. 27--Peltoperla arcuata variation of male call at 
23°C/60 ftc. 

100 msec 

Fig. 28--Peltoperla arcuata variation of male call at 
23°C/60 ftc. 
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the two populations may represent a dialectual difference, 

but more probably are due to small sample sizes. 

Peltoperla (tarteri? Stark and Kondratieff 1986) --

Nine signals were obtained from four, 1-2-day-old males at 

23-24 C and 60 ftc. Their calls were composed of two mode 

rubs (1.8±0.5) having 58.2±15.5 msec rub durations, 

3660.0±384.3 msec rub intervals, and a frequency of ca. 400 

Hz (Table IV, Fig. 29). Males of this species have 

straight cerci rather than strongly curved ones in P. 

arcuata, and drumming is species-specific. These two 

species are sympatric but not known to co-occur in the same 

stream. 

Tallaperla anna — Three pairs were tested and only 

three signals were obtained from each of three males (1-5 

days old) at 23-26°C and 60 ftc. They called by rubbing 

their abdomen forward one time, with a duration of 87.7±6.7 

msec, and frequency of ca. 350 Hz (Table IV, Fig. 30a, b). 

This call has the same single ruB character as T. lobata 

(Table IV, Fig. 32), but with a longer rub duration and 

lower frequency. 

Tallaperla elisa Two males were tested, yielding 10 

signals from one that was 3-day-old, at 23°C and 60 ftc. 

He called by rubbing his abdomen forward three or four 

times (3.6±1.3 rubs) producing signals of ca. 600 Hz, 

32.7±6.5 msec rub duration and 1169.5±254.0 msec rub 

intervals (Table IV, Fig. 31a, b). 
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29A 

29B 

Fig. 29--Peltoperla tarteri (A) male call at 23°C/60 ftc; 
(B) second rub magnified. 
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Fig. 3Q--Tallaperla anna (A) male call at 25°C/60 ftc; 
(B) call magnified. 
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50 msec 

31A 

3 IB 

Fi§- 31--Tallaperla elisa (A) male call at 25°C/60 ftc 
(B) fourth rub magnified. 
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Tallaperla lobata -- Four, 1-day-old males produced 

single-rub signals at 24-25°C and 30-60 ftc having a 

frequency of ca. 550 Hz, and a mean duration of 42.7±1.6 

msec (Table IV, Fig. 32a, b). The male call is therefore 

close to T. anna (Table IV, Fig. 30), except for having 

shorter rub duration and higher frequency. Two females 

emerged when no males were available, and they were exposed 

to the recordings of male rubs, but no answers were 

obtained. 

Tallaperla maria Five pairs were tested at 23-24°C 

and 60 ftc, and only five calls were obtained from three 

1-2-day-old males. They consisted of 7.7±1.3 rubs (mode 

7), with rub intervals increasing from 374.3±80.9 to 

528.0±74.1 msec (x±SD 450.2±12.6), all at a frequency of 

ca. 700 Hz and relatively even rub durations of 51.1±3.7 

msec (Table IV, Fig. 33a, b). 

Viehoperla ada Nine pairs were tested at 23-25°C 

and 60 ftc. Sixty-six signals were obtained from eight, 

1-7-day-old males, and 37 signals were obtained from four, 

3-11-day-old females. No signals were obtained from 

females tested at 1-2 days of age. 

Signals in this species are complex, variable and 

difficult to assign to either a sequential or grouped 

pattern. In a typical exchange there appears to be: (1) a 

first phase call, (2) a second phase of the call that was 

subdivided into 1-3 groups, (3) a female answer 
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Fig. 32--Tallaperla loba'ta (A) male call at 24°C/60 ftc; 
(B) call magnified. 
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Fig. 33--Tallaperla maria (A) male call at 24°C/60 ftc; 
(B) sixth rub magnified. 
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Fig. 34--Viehoperla ada 3-way exchange at 24 C/60 ftc. 

PP| 

Fig. 35--Viehoperla ada 4-way exchange at 24 C/60 ftc. 
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interspersed after the first phase call (n=8) or between 

one or more of the second phase groups (n=29), then (4) a 

male terminal signal interpreted as a response, since it 

only occurred in male-female exchanges. If this 

interpretation is correct, the mean number of beats and 

beat intervals of the six possible components of the 

exchange are as follows: (1) first phase call 3.4±0.4 

beats, 61.0±2.6 msec, (2) 1-3 groups of 6.2±1.2 beats, 

116.3±10.4 (mean of the first half) to 63.2±2.3 msec (mean 

of the second half) (x±SD = 95.1±6.8), (3) female answer of 

8.5±3.2 beats, 65.9±11.3 to 107.8±28.7 msec (first versus 

last interval) (x±SD = 73.3±13.0) followed the male call by 

303.1±44.9 msec and (4) male terminal signal of 9.3±1.0 

beats, 56.0±5.1 (first interval) to 101.6±8.7 msec (last 

interval) (x±SD = 69.4±0.4 msec); this response followed 

the female answer regardless of where the answer was 

interspersed, by 390.8±34.0 msec (Table IV, Fig. 34). In 

other words, the male aborted his call signal at whatever 

point the female answered, then responded with the terminal 

signal. 

In addition to the above complex exchange, females on 

four occasions responded to the terminal signal (response) 

of the male with 3.5±5.0 beats (mode 1, range 1-11) with a 

mean interval similiar to her previous (first) answer, at 

72.1±41.9 msec, and following the male by 249.5±24.4 msec 

(Fig. 35). One female also drummed without male call(s) on 
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10 occasions, and those consisted of 10.9±4.4 beats (mode 

11), with intervals similiar to the normal answer 

(77.9±19.3 msec). 

Yoraperla sp — Twenty signals were obtained from two 

wild males tested at 23°C and 60 ftc. They called by 

rubbing their abdomen forward 3-4 times (mean 3.1±0.0, mode 

3) with a frequency of ca. 1000 Hz, 51.7±1.9 msec rub 

duration and a rub interval of 157.1±1.3 msec (Table IV, 

Fig. 36a, b). The amplitude of their signals increased as 

the signal progressed (Fig. 36a). Two wild females did not 

answer the male calls possibly due to the fact that they 

were not virgins. 

General Discussion and Conclusions 

Perlidae drumming patterns. -- During this study, 

male calling by beat groups was observed for the first time 

in Perlidae, B. georgiana and E. xanthenes (Table III, 

Figs. 13 and 15). Based on the 50 perlid species 

previously studied (Stewart et al. 1982b, Maketon and 

Stewart 1984b), and the 10 additional species reported 

here, the drumming of males can be characterized as: (1) 

nondrumming? (Neoperla?) or drumming (all other perlid 

genera), (2) rubbing (Acroneuria; two species, Calineuria 

and Doroneuria) or tapping (Acroneuria, Agnetina, 

Attaneuria, Beloneuria, Claassenia, Eccoptura, 

Hansonoperla, Hesperoperla, Paragnetina, Perlesta and 
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.5 msec 

36A 

36B 

Fig. 36--Yoraperla sp (A) male call at 23°C/60 ftc; 
(B) fourth rub magnified. 
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Perlj-nella) • (3) diphasic (Acroneuria and Attaneuria) or 

monophasic (all other perlid genera), (4) grouped 

(Beloneuria and Eccoptura) or non-grouped (all other perlid 

genera), (5) fewer than 10 strokes (Calineuria, Claassenia, 

Doroneuria, Hansonoperla, Perlesta, and Perlinella); or 

numerous, more than 10 strokes (Acroneuria, Agnetina, 

Beloneuria, Eccoptura and Paragnetina). Females primarily 

answer following a male call; one species, E. xanthenes, 

intersperses her answer within the male call. 

Peltoperlidae drumming patterns. -- Two new drumming 

variations were revealed in Peltoperlidae during this 

study: (1) male signals produced by rubbing (Peltoperla, 

Tallaperla, and Yoraperla), and, (2) male signals produced 

by a combination of rubbing and tapping (Peltoperla). 

Based on the four species previously studied (Stewart and 

Zeigler 1984a; Zeigler and Stewart 1985), and the eight 

additional species reported here, the drumming of males 

could be tentatively characterized as: (1) rubbing 

(Peltoperla, Tallaperla and Yoraperla) or tapping 

(Sierraperla, Soliperla and Viehoperla), (2) diphasic 

(Peltoperla, Soliperla and Viehoperla) or monophasic 

(Sierraperla, Soliperla, Tallaperla and Yoraperla), (3) 

grouped (Viehoperla) or non-grouped (all other Peltoperlid 

genera). 
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Pair-forming drumming characteristics and polarity. 

— Stewart and Zeigler (1984a) indicated that drumming is a 

fixed action behavior, and that it represents homologous 

behavioral traits that might profitably be used as a line 

of evidence for phylogenetic analysis. Any such use would 

require delineation of character states or attributes of 

the drumming system, and determination of their polarity 

(Ross 1974, Watrous and Wheeler 1981). 

Based on current knowledge of drumming, encompassing 

ca. 104 species, I propose the following attributes as 

potentially good pair-forming characters: (1) method of 

signalling (tapping, rubbing, tremulation), (2) character 

of the male call (stroke phasing, stroke grouping), (3) 

male-female exchange pattern (sequenced, interspersed), (4) 

character of the female answer (small or large number of 

taps). An out-group comparison (Watrous and Wheeler 1981) 

of these character expressions between the families of the 

Arctoperlaria Group Systellognatha (Taxonomic or Functional 

In Group, TIG or FIG) and those of the Group Euholognatha 

(Taxonomic of Functional Out Group, TOG or FOG) show that 

rubbing, tremulating, beat grouping (>3groups, <5 taps), 

beat phasing (phases with uneven intervals), interspersed 

exchange and prolonged female answers are strong, derived 

characters, variously attributable to Systellognathan 

families (Fig. 37). Multigrouped male call (•$ 3 groups, »5 

taps) is a less strong character, whose polarity is not 
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technically assignable by the out-group method, since a 

two-grouped call is found in at least one case in the TOG 

family Nemouridae (Amphinemura sulcicollis, Rupprecht 

1982). Application of the "commonality principle" among 

all Arctoperlaria families (In-group "common = primitive ) 

(Watrous and Wheeler 1981) to these multigrouped calls, and 

to the other six characters (Fig. 37) give the same derived 

polarity determinations. 

Based on behavior alone, Fig. 37 yields some 

interesting relationships: that (1) the Pteronarcyidae 

exhibit no refinements or derived characters of the 

drumming system. They are therefore more closely related 

to the Euholognatha consistent with association made by 

pre-Zwick (1973) phylogenies and classifications, (2) 

tremulation is a unique variation of drumming that has 

appeared in only one isolated genus, the chloroperlid genus 

Siphonoperla (two species), (3) the Peltoperlidae, 

Perlodidae and Perlidae all have some member(s) that have 

derived refinements of the drumming system, including 

rubbing, beat grouping, multigrouping beat phasing and 

interspersed exchange. These are exhibited at varying 

frequencies within these families, in such a way that the 

Perlodidae appear to have maximized grouping of calls and 

interspersed exchange, Perlidae have maximized multiphasing 

of calls and Perlidae and Peltoperlidae have strongly 

evolved the rubbing method of signal production, and (4) 
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multigrouping of calls has probably arisen in Euholognatha 

and Systellognatha by convergent evolution, but has a very 

low frequency in Euholognatha. 

Hypothesis of drumming evolution. -- It is probable 

that non-drumming is ancestral, since the behavior is 

unknown in grylobattids, the probable terestrial 

progenitors of Plecoptera (Shepard and Stewart 1983), or in 

other closely related orthopteroid groups. It is possible 

that non-drumming has been retained by some groups of the 

Arctoperlaria, since it has not been observed in southern 

hemisphere Notonemouridae, or in many species or genera of 

Capniidae, Leuctridae, Taeniopterygidae and Chloroperlidae 

(Fig. 37, Appendix I), either naturally or experimentally. 

A large problem in interpretation here, is deciding whether 

a lack of drumming in experimentally tested or naturally 

observed species actually indicates a non-drumming 

condition. It remains unknown whether any species of the 

four Antarctoperlaria families (Appendix I) drum, and 

immediate studies of that group are planned. 

Incidental tapping of the abdomen in some ancestral 

Arctoperlaria species probably enhanced mate-finding, and 

this success reinforced a continuation and refinement of 

the behavior. The ancestral pattern was simple, with males 

producing monophasic tapping calls during searching for 

females, or to notify any females in the area of male 

presence. Simple tapping answers from females released 
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further male calling and searching, until the continued 

vibrational exchange resulted in the finding of the females 

by males. 

Gravid females have a large investment in reproduction 

at this stage, so it would be advantageous for them to 

remain concealed, expending little energy in searching, but 

providing vibrational clues to encourage location by males 

within a reasonable distance. Females answer male calls 

only as virgins, and most probably mate only once. Males 

are polygamous and mate several times with females, are 

therefore more dispensible as individuals, and their energy 

is budgeted toward producing attractive vibrations, 

searching for females and mating. An advantageous strategy 

of males calling and searching, and females answering and 

waiting relatively motionless, therefore has prevailed. 

Various selective pressures, such as intra- and 

interspecies competition for mating space and success, 

exerted at various times over the course of drumming 

evolution, have presumeably resulted in it continuing to 

function as a mate-finding, and possibly species-isolating 

mechanism. This required divergence of calls, answers and 

exchange behavior, leading to the various derived 

refinements of rubbing, tremulation, beat grouping, 

multigrouping, beat phasing, interspersed exchange and 

prolonged female answers, that we observe in extant 

species. There are only so many variations to be derived 
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from a drumming, vibrational communication system and the 

Plecoptera seem to have evolved most of them. 



CHAPTER IV 

DRUMMING AS A BEHAVIORAL LINE OF EVIDENCE FOR 

DELINEATING SPECIES IN THE PLECOPTERA GENERA 

ISOPERLA, PTERONARCYS AND TAENIOPTERYX 

Introduction 

Acoustical and vibrational communication systems in 

insects usually represent innate behavior, and show a high 

degree of species specificity (Kalmring and Eisner 1985), 

and therefore offer great potential use as lines of 

evidence in biological systematics (Ross 1974). Recently, 

stridulation specificity in Acrididae (Alexander 1962, Otte 

and Alexander 1983), and tremulation specificity in 

Chrysopidae (Henry 1983, 1985), have been used to delineate 

sibling species and cryptic species. 

The drumming of stoneflies represents a diverse and 

complex manifestation of fixed action vibrational 

communication behavior (Stewart and Zeigler 1984a, Maketon 

and Stewart 1984a,b). Specificity has been substantiated 

for several taxa: (1) Isoperla (Szczytko and Stewart 1979b, 

(2) Zealeuctra (Snellen and Stewart 1979), (3) 

Pteronarcyidae (Zeigler and Stewart 1977, Stewart et al. 

1982a, Stewart and Zeigler 1984b), (4) Perlodinae (Maketon 

and Stewart 1984a), (5) Perlidae (Zeigler and Stewart 1977, 

72 
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Stewart et al. 1982b, Maketon and Stewart 1984b, Graham 

1983, and (6) Paraperlinae (Stewart and Zeigler 1984a), and 

in several European species (Rupprecht 1967, 1969, 1972, 

1982). Drumming therefore offers great potential as a line 

of evidence for species delineation in cryptic and sibling 

species groups of Plecoptera. My objectives in this 

research were to (1) determine the drumming behavior of 

several previously unstudied species in the three genera 

Isoperla (Perlodidae), Pteronarcys (Pteronarcyidae) and 

Taeniopteryx (Taeniopterygidae), all containing groups of 

morphologically cryptic species, and (2) find whether their 

drumming patterns and characters corroborate 

morphologically-based species separations. 

Materials and Methods 

Methods of rearing for virgin adults, recording 

drumming, and drumming signal analysis have been adequately 

described in several previous papers (Stewart and Zeigler 

1984a, b, Maketon and Stewart 1984a, b, and Zeigler and 

Stewart 1985). These have been continuously refined, and 

in the current research essentially consisted of: (1) 

rearing mature nymphs in a living stream at simulated 

natural stream temperatures, (2) recording male and female 

drumming exchanges in a sound-dampened chamber described 

and illustrated by Stewart and Zeigler (1984a), using 

sensitive microphones, and (3) measuring, analyzing and 
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photographing the male-female signal exchanges from 

oscilloscope tracing. 

In this study the following 12 species were collected 

and subjected to the foregoing procedure: (1) Isoperla 

burksi Frison, Arkansas, Hot Spring Co., Big Hill Creek, 

Hyw. 7, 6-IV-1984, B.C. Poulton; Arkansas, Crawford Co., 

Lee Creek, Hwy. 59 Natural Dam, 8-IV-1984, B.C. Poulton; 

Arkansas, Madison Co., War Eagle Creek., Hwy. 68, 3 miles 

Northeast of Huntsville, 20-111-1985, B.C. Poulton, (2) 

Isoperla coushatta Sczcytko and Stewart, Texas, Cass Co., 

Frazier Creek, Hwy. 8 at Red Hill, 6-IV-1984, M. Maketon, 

B.C. Poulton, and K.W. Stewart; Arkansas, Green Co., Locust 

Creek, 0.5 mile South of Hwy. 34 near Oak Grove Heights, 

18-111-1984, B.C. Poulton, (3) Isoperla decepta Frison, 

Virginia, Smyth Co., North Fork Holston River, Rt. 620 at 

bridge, ll-V-1986, K.W. Stewart, B. Kondratieff and R.F. 

Kirchner, (4) Isoperla holochlora complex, Virginia, Wythe 

Co., East Fork of Stoney Fork, Rt. 717, ll-V-1986, K.W. 

Stewart, B. Kondratieff and R.F. Kircher, (5) Isoperla 

mohri Frison, Arkansas, Polk Co., Macks Creek, Hwy. 8 at 

Board Camp, 23-111-1984, B.C. Poulton; Arkansas, Howard 

Co., Prairie Creek, Hwy. 24 Bridge, 12 miles West of. 

Nashville, 24-111-1984, B.C. Poulton; Arkansas, Logan Co., 

Sixmile Creek, Hwy. 23 South of Chismville, 7-IV-1984, B.C. 

Poulton; Arkansas, Sebastian Co., Big Creek, Hwy. 22 East 

of Fort Smith, 7-IV-1984, B.C. Poulton, (6) Isoperla 
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montana (Banks), West Virginia, Nicholas Co., Panther Creek 

of Gauley River, Rt. 39, 5 miles from Nettie, 14-V-1984, 

K.W. Stewart, B. Kondratieff and R.F. Kirchner, (7) 

Isoperla ouachita Stark and Stewart, Arkansas, Izard Co., 

Hars Creek, Hwy. 56, 19-111-1984, B.C. Poulton; Arkansas, 

Howard Co., Prairie Creek, Hwy. 24 Bridge, 12 miles West of 

Nashville, 24-111-1984, B.C. Poulton; Arkansas, Crawford 

Co., Lee Creek, Hwy. 59 Bridge at Natural Dam, 8-IV-1984, 

B.C. Poulton, (8) Isoperla sagittata Szczytko and Stewart, 

Texas, Newton Co., Little Cow Creek, 0.5 mile South of 

Burkeville, 22-IV-1986, K.W. Stewart, (9) Isoperla similis 

complex, Virginia, Grayson Co., Spring off Lewis Fork, 

Lewis Fork Trail of Rt. 603, ll-V-1986, K.W. Stewart, B. 

Kondratieff and R.F. Kirchner, (10) Pteronarcys pictetii 

Hagen, Arkansas, Randolph Co., Eleven Point River, Hwy. 93 

at Dalton, 18-111-1985, B.C. Poulton, (11) Taeniopteryx 

lonicera Ricker and Ross, Arkansas, Clark Co., L'Eau Frais 

Creek, Hwy. 128 Bridge East of Arkadelphia, 5-II-1984, 

B.C. Poulton, (12) Taeniopteryx maura (Pictet), Arkansas, 

Dallas Co., Cooks Creek, Hwy. 229 Bridge North of Fordyce, 

4-11-1984, B.C. Poulton; Arkansas, Dallas Co., East Fork 

Tulip Creek, Hwy. 8 Bridge West of Princeton, 4-II-1984, 

B.C. Poulton; Arkansas, Nevada Co., Sandy Creek, Hwy. 19 

East of Laneburg, 5-II-1984, B.C. Poulton; Arkansas, Nevada 

Co., Little Terre Rouge Creek, Hwy. 67 Bridge West of 

Emmet, 5-II-1984, B.C. Poulton; and Arkansas, Hempstead 
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Co., Bridge Creek, Hwy. 195 bridge north of Fulton, 

5-II-1984, B.C. Poulton. 

All recording sessions were done in the laboratory at 

23±3°C. After acclimation in the recording chamber 

(Stewart and Zeigler 1984a), recorders were run 

continuously for periods up to three hours in different 

quadrants of the day, under varying light and dark 

conditions, for the species studied. 

Results and Discussion 

Isoperla 

This is a large Holarctic stonefly genus representing 

more than 55 North American species. Western members of 

the genus were revised by Szczytko and Stewart (1979a), and 

they reported descriptions of the male drumming calls of 

four western species: Isoperla fulva Claassen, Isoperla 

mormona (Banks), Isoperla phalerata (Banks), and Isoperla 

quinquepunctata (Banks), representing three distinct 

species complexes from 14 localities (Szczytko and Stewart 

1979b). These were the first descriptions of Nearctic 

Isoperla signals. All were species-specific in the two 

major parameters of number of beats and beat interval 

characteristics; the male calls of three species were 

monophasic, and those of I. phalerata were diphasic. 

Female answers were obtained from all except I. mormona, 

and they too had a high degree of non-overlapping species 
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integrity. The drumming of the European Isoperla 

grammatica Poda, Isoperla oxylepis Despax, Isoperla 

rivulorum Pictet, Isoperla goertzi lilies, and Isoperla 

diffomis Klapalek had been reported by Rupprecht (1967, 

1969, 1972, 1981, and 1982). 

Graham (1983) recorded the drumming signals of the 

eastern Isoperla bilineata (Say), Isoperla transmarina 

(Newman), Isoperla signata (Banks), and Isoperla slossonae 

(Banks), and Maketon and Stewart (1984a) reported the male 

calls of I. signata and Isoperla namata Frison, but 

drumming knowledge of the difficult and often 

morphologically cryptic eastern nearctic species is largely 

unknown. Many Isoperla species groups are somewhat 

cryptic, since males have similiar external genitalia 

(mainly hook-like paraprocts), and females have generally 

similiar subgenital plates. Species diagnosis is therefore 

often difficult, and of necessity based on internal 

characters such as aedeagal shape and armature and internal 

female genitalic characters or eggs. In such groups, the 

decision making process for delineating species should be 

enhanced by addition of such behavioral evidence as innate 

drumming characteristics. The following new descriptions 

of the behavior of nine eastern species corroborate the 

hypothesis that since drumming is presumably an isolating 

mechanism, specificity will be found among all species, 

particularly those that are sympatric. 
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Isoperla burksi -- Eight males and three females were 

tested at 22-25°C and 60 ftc and 33 signals were obtained 

from six, 1-5-day-old males. Like calls of I. 

quinquipunctata (Szczytko and Stewart 1979b), and I. namata 

and I. signata (Maketon and Stewart 1984a), males of this 

species often produced consecutive signals without stopping 

to a fixed position between calls, with mean number of 

beats of 26.0±10.3 (range 3-40), and beat intervals 

slightly decreasing at the middle of the signal (mean 

178.8±18.0 msec) (Table V, Fig. 38). Perhaps this fact 

that male's drum "on the move" accounts in part for the 

large variation in the number of beats. However, the beat 

interval variation is fairly tight. The mean interval 

between groups of call sequences was 297.8±18.4 msec. 

The mean beat interval of male I. burksi calls is 

similar to that of I. sagittata (181.4±10.1 msec), and both 

species have simple monophasic signals, sometimes with 

consecutive call sequences, but as far as is known these 

species are allopatric. 

Isoperla coushatta -- Five pairs were tested, and nine 

signals were obtained from four, 2-3-day-old males at 

23.5-25°C and 0-60 ftc. Calls were monophasic with a mean 

8.5±2.6 beats (mode 8), having mean intervals of 146.7±12.9 

msec (Table V, Fig. 39). 

These calls are closest to I. montana (later 

paragraph) and I. fulva (Szczytko and Stewart 1979b), which 
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Fig. 38--Isoperla burksi male call at 24°C/60 ftc. 

M ' 1 

Fig. 39--Isoperla coushatta male call at 23.5 C/60 ftc. 
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have means of 6.8±0.8 and 5.6±0.5 beats, respectively, and 

intervals of 168.6±11.0 and 160.4±14.2 msec, respectively, 

There is therefore some slight statistical overlap in both 

number of beats and intervals in these three species, none 

of which are sympatric but mode beats and intervals between 

them are different. I do not know at this point whether 

the statistical overlap in such comparisons has any 

biological substance (recognition of male calls by females 

in nature even if the species were sympatric and emerged 

together, or occured together in laboratory situations). 

This would be logistically difficult to prove in nature, 

but the intraspecific call variation acceptable to females 

can be experimentally tested with computer-simulation 

models (see Chapter V). 

Isoperla decepta --One male and five females were 

successfully reared, and only one call was obtained from 

the male at 1-day-old, at 24°C and 60 ftc. His signal had 

16 beats with intervals of 508.9±66.2 msec (Table V, Fig. 

40). There is a slight overlap of the mean beat interval 

of this species with the male calls of the allopatric 1̂. 

namata (Maketon and Stewart 1984a; 571.8±13.4 msec), but 

there is no overlap in number of beats (10.0±3.3 in I. 

namata). Obviously larger numbers of signals must be 

recorded in this species to determine signal variation. 

Isoperla holochlora complex -- Two males and three 

females were tested at 24°C and 60 ftc, and only one call 
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Fig. 40--Isoperla decepta male call at 24°G/60 ftc. 

Fig. 41--Isoperla holochlora complex male call at 24°C/60 ftc. 
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was obtained from a 1-day-old male. His signal had seven 

beats with slightly increasing beat intervals from 470 to 

500 msec (x±SD 476.7±12.1, Table V, Fig. 41), which is 

similar only to the western Nearctic (allopatric) male I. 

quinquipunctata (Szczytko and Stewart 1979b; 9.2±2.8 beats 

and 420.4±104.9 msec intervals). 

Isoperla mohri -- Nine pairs of this species were 

tested, at 23-25.5°C and 0-60 ftc, and 25 signals were 

obtained from six males, 3-10-day-old. Their calls were 

generally similar to most Isoperla species, consisting of 

simple monophasic signals and occasional continuous 

drumming while searching for females, as described for 1̂ . 

burksi. Their signals contained 1-17 beats with a mean of 

7.3±4.4, and beat intervals of 352.8±34.7 msec (Table V, 

Fig. 42). The interval between groups of call sequences 

was 731.3±44.8 msec. The only other known Isoperla male 

calls with which these statistically overlap are those of 

I. quinquipunctata (Szczytko and Stewart 1979b; mean beats 

of 9.2±2.8 and beat intervals of 420.4±104.9 msec), and 

that species is distributed in western North America, with 

no conceivable range or emergence (adult present) overlap. 

Isoperla montana -- Three males and two females were 

tested, at 23-24°C and 60 ftc. Seven signals were obtained 

from the three males when they were 1-2-day-old, and one 

answer to a male call was obtained from a 1-day-old female. 

Male calls had 6.8±0.8 beats (mode 7),and 168.6±11.0 msec 
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Fig. 42--Isoperla mohri male call at 23°C/60 ftc. 
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Fig. 43--Isoperla montana sequence of male call at 23°C/60 ftc. 

Fig. 44--Isoperla montana 2-way exchange with overlapped 
male-female signal at 24°C/60 ftc. 
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beat intervals (Table /, Figs. 43 and 44), and many of the 

calls were made while on the run. 

The one female answer consisted of two single beats 

interspersed within the male call between the second and 

seventh beats (Table V, Fig. 44).These two beats followed 

the second and seventh male call beats by intervals of 120 

and 125 msec, respectively. The interval between these two 

female answering beats was 2167.0 msec. 

I. montana drumming calls are closest to 1̂. fulva 

(Szczytko and Stewart 1979b; mean beats of 5.6±0.5 and beat 

intervals of 160.4±14.2 msec). Female answers resemble I. 

quinquipunctata (Szczytko and Stewart 1979b; whose answers 

consist of mean 2.1±2.6 beats and also begin prior to the 

completion of the male signal). These two species are 

distributed in western North America, with no conceivable 

range overlap or co-occurrence. 

Isoperla ouachita -- Five males and two females were 

tested at 23-25°C and 60 ftc, and 13 signals were obtained 

from three, 1-day-old males. Their calls consisted of 

rubbing beats, representing a newly discovered signalling 

pattern among known Isoperla drumming. When amplified, 

these recordings sound much like the croaks of cricket 

frogs. The signals were successfully measured by playing 

them at an extended (long play) mode from a Sony TC-142 

cassette recorder onto the oscilloscope (compare Fig. 45 by 

normal play with Fig. 46 by long play). The male calls had 
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Fig. 45--Isoperla ouachita male rubbing call at 23°C/60 ftc; 
normal play. 

Fig. 46--Isoperla ouachita male rubbing call at 23°C/60 ftc; 
long play. 
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a mean number of 18.5±7.9 rubs (range 6-27) and a rub 

interval of 265.2±15.1 msec. This unique characteristic of 

rubbing has not previously been reported in Isoperla 

species. 

Isoperla sagittata -- Five signals were obtained from 

one 2-4-day-old male at 22°C and 60 ftc. The call was 

monophasic, and he occasionally drummed without stopping to 

a fixed position between calls as in several Isoperla 

species (I_. quinquipunctata, 1̂ . namata, _I. signata, ][. 

burksi, _I. mohri, and I. montana). His signals consisted 

of 12.6±8.2 beats (range 7-21) with a mean beat interval of 

181.4±10.1 msec (Table V, Fig. 47) and an interval between 

calls of 333 msec. The mean beat interval of male I. 

sagittata is similar to male I. burksi (178.8±18.0 msec) 

but the mean and maximum beats/signal differ markedly. The 

slight statistical overlaps in range of beats and standard 

deviation around mean number of beats may be an 

experimental anomaly caused by recording of every male call 

signal. In nature some of the calls, particularly those 

"on the run" may be unrecognized by females. There is no 

known co-occurrence of adults of these two species, and 

possible temporal isolation is unknown, since their life 

histories have remained unreported. Five females tested 

with this male were unresponsive. 

Isoperla similis complex -- Three males from this 

Virginia population were tested at 24°C and 60 ftc, 
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Fig. 47--Isoperla sagittata male call at 22°C/60 ftc. 

Fig. 48--Isoperla similis complex male call at 24 C/60 ftc. 
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yielding four signals from two of them at 1 day of age. 

Their calls consisted of 23.7±0.5 beats (mode 24) with beat 

intervals of 425.9±12.4 msec (Table V, Fig. 48). 

Male beat intervals of this species are very similiar 

to those of the western (allopatric) I. quinquipunctata 

(Szczytko and Stewart 1979b; 420.4±104.9 msec) but there is 

no overlap in number of beats (9.2±2.8 msec in I. 

quinquepunctata). 

Pteronarcys 

Pternarcys species are generally difficult to 

separate, particularly the eastern pair Pteronarcys dorsata 

(Say) and P. pictetii whose genitalic and egg differences 

(Nelson and Hanson 1971, Stark and Szczytko 1982) are small 

and variable. Several workers have dealt with phylogenetic 

relationships of the family Pteronarcyidae (Nelson and 

Hanson 1971, Stark and Szczytko 1982), and species 

differences (Knight,et al. 1965a,b, Harden and Mickel 

1952), and additional evidence from drumming behavior 

should be very useful in defining species of Pteronarcys 

and Pteronarcella (Stewart et al. 1982a). 

Pteronarcys pictetii -- Twenty male and 13 female 

signals were obtained from two virgin pairs tested at 

23±1°C. The two males were 10 and 21 days old and females 

were 16 and 18 days old. One of these two pairs also 

drummed at 25°C when the male was 20 and the female 15 days 
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old. No drumming was obtained in tested females prior to 

15 days of age. 

Males produced a monophasic call at 23±1°C, consisting 

of 5.2±0.8 (mode 5) beats, having even intervals of 

313.2±2.4 msec intervals (Table VI, Figs. 49, 50). At 25°C 

the single male produced calls with 4.8±0.7 (mode 5) beats 

with 298.8±16.3 msec intervals. 

Females answered about 65 per cent of male calls at 

23±1°C with a monophasic signal of 4.7±0.1 beats (modes 4, 

6) having increasing intervals from 389.7±3.1 msec at the 

beginning and 424.7±18.3 msec at the end (x±SD 393.8±5.4). 

Answers followed male calls after a mean 728.1 msec, except 

one that overlapped with a male call. At 25°C female 

answers had 4.3±1.0 beats (mode 5), with beat intervals 

increasing from 350.1±22.2 to 394.3±27.6 msec (x±SD 

364.4±28.4) following the completion of male calls by a 

mean 531.3 msec, with no answers overlapping calls. One of 

the two tested females was observed drumming in absence of 

male calls, 

Females became stationary after initial exchanges with 

males, but after 1-2 hr without contact (prevent here by 

partitioned chambers) moved to another position, re-

established communication with the male, then became 

stationary again as in females of Agnetina flavescens Stark 

(Reported as Phasganophora capitata Pictet by Maketon and 

Stewart 1984b, before Stark's 1986a revision of Agnetina) 
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Species and State Number Beats Beat Intervals 

A. Male call 

Eastern distribution 
P. pictetii AR 5, . 2±0. .8 (mode5) 313. . 2±2. 4 

P. pictetii WI 4 , . 7±1. .1 (mode5) 193. . 8±29 .9 
(Graham 1983) 
P. dorsata MI 5, • 4±0. .6 (mode5) 270. . 0±26 .0 
(Stewart et al. 1982b) 
P. biloba TE 7. . 2±0. .9 (mode7) 525. • 0±46 .0 
(Stewart et al. 1982b) 
P. proteus WV 3. . 9±0. .3 (mode4) 308. . 0±12 .0 
(Stewart et al. 1982b) 

Western distribution 
P . californica CO 
(Zeigler and Stewart 1977) 
P. princeps CA 
(Zeigler and Stewart 1985) 

6.7±0.9 (mode6) 

7.7±2.0 (mode7) 

B. Female answer (references same as male call) 

P. pictetii AR 
P. pictetii WI 
P. dorsata MI 
P. biloba TE 
P. proteus WV 
P. californica CO 
P. princeps CA 

4.7±0.1 (mode4,6) 
6.7±2.4 (Mode6,9) 
5.7±0.7 (mode5) 
6.5±2.6 (mode5) 
3.5±0.5 (mode3,4) 
6.0±1.9 (mode6) 

10.6±2.6 (range6-15) 

263.0±20.0 

388.0±22.0 

393.8±5.4 
209.5±57.4 
328.0±16.0 
485.0±57.0 
228.0±16.0 
257.0±37.0 
385.0±26.0 

A. Male response (3-way sequences) (references same as male call] 

P. pictetii AR 
P. pictetii WI 
P. dorsata MI 
P. biloba TE 
P. proteus WV 
P• californica CO 
P. princeps CA 

5.0±1.4 (mode4,6) 
3.3±1.2 (range2-5) 

none 
2.0±0.0 (mode2) 

none 
7.4±3.6 (mode7) 

4.0 

438.8±14.4 
306.2±52.4 

none 
highly variable 

none 
236.0±31.0 
438.0±27.0 
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Fig. 49--Pteronarcys pictetii 3-way exchange at 23°C/60 ftc. 

Fig. 50--Pteronarcys pictetii 2-way exchange at 23°C/60 ftc. 
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and Taeniopteryx nivalis (Fitch) (Stewart and Zeigler 

1984a). 

Signal sequences between pairs were 2- or 3-way. In 

3-way exchanges, males responded 226.5±143.5 msec after 

completion of female answers at 23±1°C, and 234.5±307.3 

msec at 25°C. Two male signals overlapped with the female 

answers. Male responses had 5.0±1.4 beats (mode 4, 6) with 

beat intervals increasing from 403.5±26.2 to 505±7.1 msec 

(x±SD 438.8±14.4) at 23±1 C, and 4.3±1.1 beats (mode 5) 

with beat intervals increasing from 344.4±31.7 to 

406.8±38.1 msec (x±SD 371.9±38.0) at 25°C. One male drummed 

a typical response subsequent to his call, even though no 

female answered (Fig. 51); this has not been previously 

reported for any Pteronarcys species. Fourteen and 100 per 

cent of exchanges were 3-way, respectively at 23±1°C and 

o 

25 C. 

Before comparing drumming data from the different 

Pteronarcys species, it should be kept in mind that even 

though several of the six eastern species (biloba, 

comstocki, dorsata, pictetii, proteus and scotti) and the 

two western species (californica and princeps) have some 

respective range overlaps (Stark et al. 1986), I am unaware 

of any documention of co-occurrence of two or more species 

from a given stream or stream locality. Comparison of the 

above data on the Arkansas P. pictetii with those of 

Wisconsin P. pictetii (Graham 1983) and previous studies of 
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Fig. 51--Pteronarcys pictetii male call with a typical response 
subsequence to his call at 23°C/60 ftc. 

Fig. 52--Taeniopteryx lonicera 2-way exchange at 23-25°C/60 ftc. 



96 

five other Pteronarcys species (Table VI) show some 

interesting relationships: (1) all species in the 

respective eastern and western groups have distinctive 

signals (non-statistical overxap), differing substantially 

in either number of beats and/or beat intervals, in one or 

both of the sexes, (2) beat intervals of male calls, female 

answers and male responses are significantly different 

between the Arkansas and Wisconsin (Graham 1983) P. 

pictetii populations indicating that on a behavioral basis 

they are either dialectually different populations of that 

species, or are sibling species that are morphologically 

inseparable based on current morphological descriptions. 

These differences are not accountable to recording 

temperatures, since Graham recorded at 20-23°C which should 

lengthen beat intervals rather than shorter them, as is the 

case when compared to our recordings of pictetii at 23±1°C 

(Table VI). Additional drumming and morphological study 

should be undertaken with these two populations to resolve 

which option is correct. 

Taeniopteryx 

As in the Isoperla and Pteronarcys, morphological 

character differences separating some Taeniopteryx species 

are slight. Particularly in question by several workers 

has been the status of the species Taeniopteryx burksi 

Ricker and Ross, and T. maura indistinguishable as nymphs 
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(Fullington and Stewart 1980), and separable only in males 

by differences in femoral spur length (Ricker and Ross 

1968). There is somewhat similiar homogeneity among 

Taeniopteryx lita Frison, T. lonicera and Taeniopteryx 

starki Stewart and Szczytko. Since Taeniopteryx are 

prolific drummers (Zeigler and Stewart 1984a, 1985), 

additional behavioral evidence from drumming behavior 

should help in resolving whether these are morphologically 

cryptic or sibling species groups or variants of the same 

species. 

Taeniopteryx lonicera -- Seventeen signals were 

obtained from four, 1-3-day-old males, at 20-26°C and 60 

ftc. They gave monophasic calls consisting of 15.5±2.0 

beats (mode 17), and beat intervals increasing from 

129.5±25.8 to 151.5±25.8 msec (x±SD 142.0±18.6) (Table V, 

Fig. 52). 

Three females emerged when no males were available, 

and they were tested at 25°C and 60 ftc, by playing male 

signals from a tape to them daily. Answers were obtained 

from two females but those from one were of insufficient 

clarity to allow analysis. The four answers from the other 

were monophasic with 7.3±3.0 beats (mode 8), with beat 

intervals increasing from 121.0±5.0 to 127.3±14.1 msec 

(x±SD 123.2±7.9). These followed the last beat of the male 

call by 632.3±39.5 msec (Table V, Fig. 52). Because of 

this situation, I was unable to determine if signal 
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exchange in T. lonicera could be 3-way, as found in four 

other species of the genus, Taeniopteryx nebulosa 

(Linnaeus) (Rupprecht 1982), T. nivalis (Stewart and 

Zeigler 1984a), T. burksi (Zeigler and Stewart 1985), and 

T. maura discussed below. 

Drumming signals of male T. lonicera are closest to 

the European T. nebulosa which calls with ca. 10 beats, 

having beat intervals increasing from 146-213 msec at 23°C. 

There is no overlap in the number of beats or intervals of 

any of the known North American species of Taeniopteryx, so 

their signals are considered species-specific. 

Taeniopteryx maura — Ten 1-4-day-old males and nine 

1-7-day-old females were tested at 23-25°C and 50-60 ftc. 

Ninety six signals and 84 signals, respectively, were 

obtained from these males and females. Males produced a 

monophasic call of 22.0±1.8 beats (mode 23) with intervals 

increasing from 69.3±5.8 to 91.6±6.3 msec (x±SD 80.9±5.5) 

(Table V, Figs. 53, 54). 

Females answered after a 698.9±207.4 msec interval 

with 14.4±2.6 beats (mode 15), with intervals increasing 

from 77.6±5.9 to 99.4±6.2 mesc (x±SD 86.5±4.6). None of 

the 84 female answers overlapped male calls. Over 60 per 

cent of the female answers were followed by a male response 

signal of 9.0±2.7 beats (mode 9), with intervals increasing 

from 80.8±8.2 to 106.0±5.2 msec (x±SD 93.1±7.9). The 

response followed the female answer by an interval of 
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Fig. 53--Taeniopteryx maura 3-way exchange at 23°C/60 ftc. 

Fig. 54--Taeniopteryx maura 5-way exchange at 25°C/60 ftc. 
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604.6±215.3 msec, except for three exchanges in which the 

female answer and male response overlapped. This response 

was often given just as the male began to search after 

receiving female answer to his call; this characteristic 

was also observed in T. burksi (Zeigler and Stewart 1985) 

and T. nivalis (Stewart and Zeigler 1984a). Most females 

became stationary after the first exchange, while males 

searched between drumming exchanges. One, 5-way exchange 

was observed (Fig. 54), and the female response of 13 beats 

followed the male response after a 734.0 msec interval, and 

had beat intervals similar to those of the female answer. 

The second male response of 15 beats had beat intervals a 

little greater than those of the first response (first 

response:second response = 93.1±7.9:101.9±8.5 msec) and 

followed the female response by an interval of 1109.0 msec. 

The drumming signal of T. maura is more similar to T. 

nivalis than T. burksi, which corresponds to the structure 

of the vesicle (see Chapter VI). All four (not including 

T. lonicera) species have 3-way exchanges with increasing 

beat intervals. However, the signals of each species are 

specific, with differences in number of beats and/or beat 

intervals. This evidence would therefore argue that T. 

maura and T. burksi, having no overlap in drumming signal 

characters, are valid but morphologically cryptic species, 

separable only by the longer spur on male T. maura hind 

femora, and variable spur length or spur absence of male T. 

burksi. 
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Conclusion 

I have shown that, as might be expected in an evolving 

behavior, there is a great deal of variation in general 

drumming patterns, method of signal production and 

specificity among congeners within and between three 

different Plecoptera genera representing three different 

families. In Isoperla the method of signalling may be: (1) 

unique, such as the rubbing calls of I. ouachita, therefore 

derived, or (2) common to most species, as exemplified by 

the tapping calls of all other known species, that are 

ancestral. Also in the Isoperla the call pattern may be 

grouped such as those of I. burksi, I mohri, I. montana and 

I,. sagittata (this Chapter) and 1̂. quinquipunctata 

(Szczytko and Stewart 1979b), and therefore derived, or 

monophasic for other species, that is probably ancestral. 

The few female answers reported in the literature for a few 

species are all monophasic tapping signals. Further, 

within the perceived ancestral species there is 

statistical overlap of important parameters of number of 

beats and/or beat intervals between several species, but 

never in sympatric or co-emerging species. This is 

predictable since selection should favor increasing 

diversity and integrity of the presumably isolating 

behavior in sympatric or co-occuring adults. This same 

variation of tapping versus rubbing method of signal 

vibration production has been shown within and between 
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genera of Perlidae (see Chapter III; Stewart et al. 1982b, 

Maketon and Stewart 1984b) and Peltoperlidae (see Chapter 

III) . 

Drumming character and variation is different in the 

Taeniopterygidae suggesting that the behavior has evolved 

independently in comparison to Perlodidae and 

Pteronarcyidae. Several pairs of Doddsia occidentalis 

(Banks) and several Taenionema and Strophopteryx species 

have been tested in Dr. K.W. Stewart's laboratory with 

procedures used successfully for over 60 other species, 

with no drumming observed. However, all Taeniopteryx 

species tested have drummed (five species: Rupprecht 1982, 

Stewart and Zeigler 1984a, Zeigler and Stewart 1985, and 

this Chapter), and both males and females produce 

relatively simple, monophasic signals with 2-way or 3-way 

exchanges, indicative of an ancestral state. Unlike 

Isoperla, there is no overlap in known Taeniopteryx 

signals, except between the two species T. nebulosa and T. 

lonicera that are distributed on different continents. 

In Pteronarcys the pattern is somewhat similiar to 

Taeniopteryx, in that all signals are relatively simple, 

show monophasic series of drumbeats in both male and female 

(Table VI), also indicative of an ancestral behavioral 

state with little derivation except divergence in numbers 

or beat intervals to give species integrity. None of the 

derived states of drumming such as diphasy of the male call 
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or rubbing are present in Pteronarcys or Taeniopteryx. 

In any case, drumming in all three genera studied, and 

other Plecoptera groups reported in the literature, is 

species-specific when mode expression of drumming 

characters, and all parameters in both male and female and 

general pattern are considered. Experimentally determined 

statistical overlap between any two or more species usually 

occurs in only one parameter such as number of beats or 

beat intervals and not others, and usually overlap is 

limited to one or the other sex where signals of both are 

known. A large question in interpretation here is whether 

or not experimentally determined statistical overlap in 

only one signal parameter of one sex has any biological 

significance in natural communications, and how this should 

influence our confidence in use of drumming signal 

integrity as species-delineating evidence. Use of computer 

synthesized variation of the signals of either sex tested 

for response by live members of the opposite sex within and 

between populations and congeners (Chapter V, Stewart and 

Zeigler 1984b, Zeigler and Stewart 1986) is one way to 

answer this question. I feel at "his time, however, that 

mode and pattern differences in signals showing relatively 

small variation are sufficient as strong evidence of 

species differences. 



CHAPTER V 

INTRASPECIFIC VARIATION AND INFORMATION CONTENT OF 

DRUMMING IN THREE PLECOPTERA SPECIES 

Introduction 

Drumming is an innate, vibrational communication 

system in several insect groups that appears to have 

evolved its greatest diversity and complexity in the 

Plecoptera (Stewart and Zeigler 1984a, b), and is presumed 

to be an isolating mechanism. Although first observed by 

Newport in 1851, the behavior was not seriously studied or 

quantified until ongoing studies were begun by R. Rupprecht 

(Rupprecht 1967) and K.W. Stewart (Zeigler and Stewart 

1977). They and colleagues have since described the 

drumming of 18 European and 86 North American Arctoperlaria 

species, respectively (including signals for species 

described in this dissertation). The basic nature of male 

calling and female answering, methods of producing 

vibrations and male-female exchange patterns have been 

reviewed in several recent papers, including Stewart et al. 

(1982a, b), Stewart and Zeigler (1984a, b) and Zeigler and 

Stewart (1985). 

Such descriptive studies should continue, since the 

best inferences regarding drumming evolution and its 

104 



105 

relationship to other insect and animal communication 

systems will only be reached when we have a broad base of 

knowledge that includes most, if not all, of the variations 

and patterns encompassed by the system. However, there are 

two basic problems in basing conclusions on evolution and 

function of drumming only on descriptive information: (1) 

it sometimes provides an unclear definition of species-

specificity, and (2) critical informational content 

conveyed between sexes during communication exchange is not 

revealed. Up to this time, we have generally considered 

numerical (x±SD, mode) differences of one or more major 

drumming parameters between species, in one or both sexes, 

to indicate specificity. This is only obvious when 

description are based on good numbers (samples from 

populations) and where substantial gaps exist between 

species; as expected, in many instances congeners or other 

combinations of taxa have some overlap in one or more 

parameters in one or both sexes but never in all parameters 

in both sexes (see Isoperla and Pteronacys Chapter IV). It 

would be impossible to resolve specificity between two 

suspected sibling or morphologically cryptic species if 

there were overlap in most of the important drumming . 

characters. Statistical overlaps may or may not be real, 

since male and female stoneflies call and answer with 

individual, variable signals, not with means and standard 

deviations. The practical of basing signal character on 
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means and deviations encompassing all recorded signals, may 

include abnormal signals that the opposite sex might not 

recognize (or respond to) in nature. 

Stewart and Zeigler (1984a) and Zeigler and Stewart 

(1986) have reported an experimental computer-simulation 

method that can be used to help resolve questions of 

species-specificity of drumming, and informational content 

of signals. It is generally based on measuring the 

response thresholds of live females to computer-emitted 

calls, artificially produced and expanded to a range around 

typical male calls, as used for crickets (Zaretsky 1972, 

Pollack and Hoy 1979, Hoy et al. 1982). Zeigler and 

Stewart (1986) found that the typical male calls of both 

Pteronarcella badia (Hagen) and Perlinella drymo (Newman) 

could be successfully computer-simulated, and would elicit 

90-100% answering rates from live females, and that females 

of both species had definable female recognition "windows" 

for the artificial ranges of beat number and beat 

intervals. They encouraged further work with various 

species, testing more signal variations, to reveal the 

relative importance of each call parameter and help more 

clearly define drumming specificity. 

It was my objective in this research to innovate on 

the Zeigler and Stewart (1986) method, to define drumming 

variation and informational content in three stonefly 

species, representing the following types of drumming 
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patterns: (1) sequential, call -answer-response (2- or 

3-way), Taeniopteryx burksi (Ricker and Ross), (2) grouped 

call-interspersed answer, Kogotus modestus (Banks) and (3) 

rub call-tapping answer, Calineuria californica (Banks). 

Stewart et al. (1982b) and Zeigler and Stewart (1985) have 

described drumming in C. californica and I. burksi, 

respectively, but the drumming of K. modestus has not 

previously been characterized. 

Materials and Method 

Stoneflies were collected as mature nymphs and reared 

to adults in wire cages kept in a living stream. 

Collection data are as follows: (1) T. burksi Arkansas, 

Marion Co., Georges Creek, Hwy. 62, 6-1-1984, B.C. Poulton; 

Arkansas, Boone Co., Long Creek, Hwy. 62, 7-1-1984, B.C. 

Poulton; Benton Co., Arkansas, Illinois River, Road 

crossing, Hwy. 68, 8-1-1984, B.C. Poulton, (2) K. modestus 

Colorado, Gunnison Co., Halls Gulch Creek, 5 miles North 

Pitkin, 9-VIII-1984, 14-VIII-1985, K.W. Stewart, (3) C. 

californica California, Sierra Co., Cold Creek, Hwy. 89, 

21-VI-1986, K.W. Stewart. 

Typical call signals of males of I. burksi and C. 

californica were determined from the published data of 

Zeigler and Stewart (1985) and Stewart et al. (1982b), and 

from additional recording of males from the sampled 

populations. Males were recorded in the divided sound 
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isolation chambers described by Stewart and Zeigler 

(1984a). General call signal character, mean and mode 

numbers of beats and mean beat interval and beat interval 

progression character were photographed and measured from 

calibrated, stored oscilloscope tracings, using a Tektronix 

5111A storage oscilloscope. 

Typical male calls of the three species were 

programmed on a Texas Instruments 99/4A microcomputer (Fig. 

55), using its sound generator. Number of call beats were 

produced on command, but simulation of typical and desired 

variant beat intervals in milliseconds required a trial-

and-error procedure using a combination of computer sound 

commands, modified by playback of recordings from 2-speed 

recorders having a ±15 per cent variable speed control. 

The computer-simulated calls were recorded on cassette 

tapes, which were then translated into a stored 

oscilloscope tracing. This tracing could be compared at 

the same time on the dual channels of the oscilloscope with 

a typical call recorded from a live male. Recordings of 

simulated, computer-generated typical calls were played to 

several live females and considered an adequate simulation 

when it elicited 90-100 per cent answer rates. Desired 

variations in beat number and beat intervals from typical 

calls were achieved by changing the program and/or varying 

the playback speed from recordings on a Superscope C-202 LP 

two-speed recorder. Experimental call variations, as a 
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Fig. 55--TX BASIC on a Texas Instrument 99/4A microcomputer, used to 
program and synthesize stonefly male drumming calls. 
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range around typical calls, were recorded in desired 

arrangement for presentation to females. Experimental 

presentation of all computer-synthesized, recorded calls to 

females was as follows: (1) a microphone was connected to 

the output of a cassette recorder, and was placed adjacent 

to the manilla box in one side of the recording chamber; it 

therefore functioned as a speaker, (2) call variants to be 

tested were played into this system, in the box of one side 

of the chamber that were transferred by means of the small 

wooden rod connected to the box of the other side of the 

chamber, containing live test females. The obvious 

advantages of this laboratory method are: (1) it tests 

response to call variation within and between populations 

without necessity of recording large numbers of male call 

signals, and (2) time and cost economy. 

Results and Discussion 

Taeniopteryx burksi — The calls of four fresh males 

from the Arkansas population were recorded at 23-24°C, and 

checked against the published descriptions of an Oklahoma 

population (Zeigler and Stewart 1985), before the 

synthesized male calls were produced. Their number of 

beats and beat intervals were very close to the Oklahoma 

population, differing only in that they had 13 mode beats 

compared to 14 in the Oklahoma population. A typical call 

of 13 beats with 108 msec intervals was synthesized on the 
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computer, and it tested well (90-100 per cent of females 

responded) in preliminary trials. 

In trial I, five replications each of synthesized 

calls with beat numbers in the range of 6-20, all at 

typical 108 msec beat intervals, were played to four 

individual females at different times at 23-24°C. The 

calls were presented to each female as a series, from five 

of the lowest number beat variant (6), to five of the 

highest number beat variant (20), with a silence gap of 2-3 

seconds between calls. Response levels were 10 per cent 

for 6-beat calls, increasing to 100 per cent for 9- through 

20-beat calls (Fig. 56). 

A similar procedure was followed in triaJL II, with 

synthesized calls having the typical 13 beats in a range 

from 70-140 msec. The same four females responded only 

within a window of 90-130 msec (Fig. 57). Responses of 100 

per cent were obtained in the range of 97-130 msec (90-120 

per cent around typical). High-level responses of females 

(Fig. 56, 57) were reasonably consistent with the natural 

variation of 11-19 beats and 104-132 msec intervals of 50 

calls recorded from 10 males from a McCurtain County, 

Oklahoma population. The small number (4) of females 

tested was due to the inherent logistic difficulty of 

rearing virgin females in the laboratory coupled with the 

fact that this was the first of the three species studied, 

and females were becoming scarce by the time the procedure 
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beat intervals of live males. 
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Fig. 57--Female Taeniopteryx burksi response levels to computer 

synthesized male calls, modified to a range of beats at 

x 108 msec interval. Dashed vertical lines = range 

recorded from live males; arrow = x beats of live males. 
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for simulating male calls was ironed out and actual 

simulated signals were completed for experimental 

presentation. 

Kogotus modestus -- Twenty-five signals were recorded 

from one pair in 1984, at 24.5°C and 60 ftc. Male calls 

consisted of 1-6 bibeat groups (Fig. 62a, b; x±SD 5.8±2.9, 

mode 4). The interval within each bibeat was 47.3±2.4 

msec, and mean interval between bibeat groups was 

602.7±47.0 msec. 

The female interspersed her answer between male bibeat 

groups, and the answer consisted of 2.6±1.0 beat (mode 3) 

having 65.5±18.6 msec beat intervals, and followed the last 

beat of the previous male call group by 247.5±70.8 msec 

(Fig. 62a, b). 

In some exchanges, males produced a response to the 

female answer, that differed in character from his bibeat 

calls, and consisting of 2.4±1.2 beats (mode 2, range 1-9), 

with beat intervals of 58.1±20.8 msec. Drumming exchanges 

between the sexes is therefore very complex, somewhat 

similiar as in Isogenoides zionensis (Stewart and Zeigler 

1984a, and Chapter II), consisting of sub-grouped series of 

male-female exchanges, each such series having different 

character. As an example, a typical exchange might thus be 

composed of sub-series groups with the following • 

characters; (1) grouped male bibeat calls, with 

interspersed female answers, terminated by a bibeat or non-
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Fig. 62--Kogotus modestus male-female exchange subseries 
at 24.5°C/60 ftc. 
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bibeat male response (when composed of bibeat, the response 

could be just a continued call) (Fig. 62a, b) (2) grouped 

male bibeats of varying number, with no female answers, (3) 

male bibeat groups, with a few interspersed answers and no 

male response, and (4) exchange as in (1) above, but 

terminated by a female answer rather than a male response. 

The male calls are closest to Calliperla luctuosa (Banks) 

(Zeigler and Stewart 1984a; 11.7±2.1 beats, mode 13, with a 

25.0±2 interval within each bibeat, and spacing between 

bibeat groups 28.5±19.0 msec). These are the only two 

species known to utilize a bibeat pattern; the interval 

between bibeats in K. modestus is about twice that of C. 

luctuosa. 

Four experimental trials were run, each consisting of 

10 replications of a range of variant calls. Five were 

played from the lowest number or interval variant call to 

the highest variant, and the other five in reverse, to 

2-4-day-old females at 23-24°C. 

In trial I, a range of 1-6 bibeat groups having mean 

intrabibeat interval of 47 msec and intergroup interval of 

603 msec (Fig. 63a, b) were presented to six individual 

females at different times. Females responded at low ten 

per cent levels to only one bibeat group, increasing to 100 

per cent at three through six bibeat Croups (Fig. 58). 

This response level compared favorally with the natural 1-6 

bibeat group variation of the 1984 pairs. 
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Fig. 63--Synthesized male Kogotus modestus bibeat calls 
(A) 1-group of bibeats; (B) six groups of bibeats. 
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Fig. 58--Female Kogotus modestus response levels to computer 

synthesized male calls, modified to a range of number 
of bibeat groups. Dashed vertical lines = range recorded 
from live male. 
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Fig. 59--Female Kogotus modestus response levels to computer 
synthesized male calls, modified to a range of intrabibeat 
intervals. Dashed vertical lines = range recorded from 
a live male. 
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In trial II, computerized bibeat groups having the 

typical intergroup interval of 603 msec, but programmed to 

vary around the typical 47 msec intrabibeat interval over a 

range of 30-60 msec (Fig. 64a, b), were presented to seven 

females. They exhibited a discriminating window of 

recognition (response) to three bibeat groups synthesized 

over a 33-57 msec (70-121 per cent) range, but high level 

responses over 50 per cent only in the range of 38-55 msec 

(Fig. 59). These response levels compare favorally with 

the natural group interval variation of 42-54 msec (dotted 

line Fig. 59) in 25 calls of one male from the same 

population. 

In trial III, the necessity and integrity of the 

bibeat character in male calls was tested. Ten 

replications of 3-group synthesized calls, in the range of 

monobeats-hexabeats (Fig. 65a, b) and having typical 

intrabeat and between group intervals were presented to 

seven females. Surprisingly, they answered only the bibeat 

groups (Fig. 66, Table VII), indicating that the bibeat 

character is very important in conspecific sex recognition 

in this species. 

In trial IV, 10 replications of three bibeat groups 

with typical 47 msec intrabibeat intervals, varying ±33.3 

per cent from the typical 603 msec intergroup intervals 

(Fig. 67a, b) were presented to -even females. They 

responded 100 per cent to all presentations, indicating 
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Fig. 64--3-group series of Kogotus modestus bibeat calls with 
intrabibeat interval artificially varied from 
(A) 30 msec to (B) 60 msec. 
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Fig. 65--Synthesized male Kogotus modestus 3-group call series of 
(A) monobeat, and (B) hexabeats, with normal between 
and within group intervals. 
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Fig. 66--Synthesized Kogotus modestus typical male call being 
answered by live females. 
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3 Groups for 
Each Type of Signal 

Single bi tri 4 5 6 

% $ 
Answer 0 100 0 0 0 0 
n = 70 

% Answer of 7 $ Kogotus modestus to 
6 Types of Synthesized £ call 

TABLE VII Per cent answer of seven female Kogotus modestus 

to six types of synthesized male call with 

typical intrabeat interval of 47 msec and 

typical group interval of 603 msec. 
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Fig. 67--3-group series of bibeat calls with intergroup intervals 
varied from (A) -33.3 to (B) +33.3 per cent of the 
typical interval. 
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that interbibeat group intervals are unimportant, within 

the range tested. 

Calineuria californica — The calls of three fresh 

males from the California population were recorded, and 

checked against the published descriptions of another 

California population from another stream located within 15 

miles of this one (Stewart et al. 1982b). Males of both 

populations had a single rub call with mean frequencies of 

425 versus 412±52.0 Hz, respectively, on the same type of 

substratum and rub durations of 25 versus 18-20 msec, 

respectively. It was decided that one rub with a frequency 

of 425 Hz and rub duration of 25 msec should represent a 

typical male call, and a call of these characters was 

synthesized on the microcomputer, which proved to 

successfully elicit 90-100 per cent responses from live 

females in preliminary trials. 

Three experimental trials were run using the same 

number of 10 replications of a range of variant calls (with 

five presented to females from lowest to highest variant, 

then another five presented from highest to lowest 

variant), as described for K. modestus. All trials were 

tested with 12, 1-3-day-old females at 23-24°C, and 60 ftc. 

In trial I, synthesized, single-rub calls of 25 msec 

duration, varying over a range of 213-635 Hz (425 msec±50 

per cent, Fig. 68a, b) were presented to the 12 females. 

Female response levels were almost 53 per cent at 213 Hz 
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Fig. 68--Synthesized male Calineuria californica one-rub calls 
with frequencies of (A) 213, and (B) 635 Hz (425+50 
per cent) at typical 25 msec rub durations. 
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(-50 per cent of typical, increasing to 80 per cent at the 

typical Hz frequency, and decreasing again to 48 per cent 

at 638 Hz (+50 per cent; Fig. 60). A one factor analysis 

of variance (ANOVA) followed by Duncan's Multiple range 

test showed that there was a significant difference in 

female response levels between the 340 to 553 Hz range 

(dotted lines Fig. 60, F=2.8, p<0.05), encompassing the 

typical frequency of 425 Hz, and the levels tested below 

340 Hz and above 553 Hz (Fig. 60). This could indicate 

that the texture of substratum and therefore its selection 

by males for rubbing, could be important in female 

recognition and response in nature. 

In trial II, synthesized, single-rub calls of 425 Hz 

frequency, varying over a range of 14-45 msec duration (25 

msec±40 per cent, Fig. 69) were presented to the 12 

females. They showed little discrimination to rub 

duration, with 46 per cent responding at 14 msec (-40 per 

cent), increasing to 70 per cent at the typical 25 msec 

duration, then dropping to 60 per cent at 45 msec (+40 per 

cent) duration (Fig. 61). A one factor ANOVA followed by 

Duncan s Multiple range test showed that these response 

levels were not significantly different between the rub 

durations tested (F=2.1, p>0.05). 

In trial III, the integrity of the single rub in this 

species was tested. The high answer rates of females in 

other trials to typical single rub with typical frequencies 
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Fig. 60--Female Calineuria californica response levels to synthesized 
one-rub male calls with typical rub duration, range of 213 
to 635 Hz frequencies. Dashed vertical lines = enclose 
subset group with significantly higher answer rate (Duncan's 
Multiple Range Test). 
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one-rub male calls with rub durations modified to a range of 
14-45 msec. 
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Fig. 69--Synthesized male Calineuria californica one-rub calls 
with (A) 14, and (B) 45 msec rub durations (25 msec+40 
per cent) "typical" 425 Hz frequency. 
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and duration was used as a control. The 12 females were 

presented 10 replications each of a) 2-rub calls with 

typical frequency and rub duration, with 70 msec intervals, 

b) 2-rub calls with typical frequency and rub duration, 

with 200 msec intervals, and c) 3-rub calls with typical 

frequency and rub duration, with 70 msec intervals. 

Females showed high discrimination in response levels 

to number of rubs, giving no answer to 3-rub calls and only 

4 per cent answers to 2-rub calls with 70 msec rub 

intervals. Fifty-six per cent responded to 2-rub calls 

with a 200 msec interval (Table VIII). The latter 

indicated that females responded to the 2-rub calls (with 

longer intervals) as if they were separated single rubs, 

since they either replied twice, replied to the first of 

the two rubs or replied to the last rub. In all cases 

replies began after an interval similiar to female replies 

to typical single rubs (compare rub-answer intervals of 

Fig. 70 when female answer typical single rubs with Figs. 

71 when females answered synthesized 2-rub calls separated 

by 200 msec). These low answering levels to 2- and 3-rubs 

at 70 msec intervals suggest that females get negative 

feedback to multiple rubs spaced closer than the typical 

rub-answer interval of 200-300 msec. A student pair t-test 

showed a significant difference between answer rates to 

typical 1-rub calls and the 2-rub calls at both tested 

intervals (T=4.21, p=.001, andT=13.00, p=0.000). The 
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TABLE VIII Response level of 12 female Calineuria californica 

to three types of synthesized male calls. 

Number of Rubs 

Rub interval 

200 msec 70 msec 

Rub interval 

70 msec 

% Female Answer 
(n=120) 

56 
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Fig. 70--Live female Calineuria californica answer to a typical 
synthesized 1-rub call. 
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Fig. 71--Different examples of female Calineuria californica 
answer to the same synthesized 2-rub calls having a 
typical frequency and rub duration, and 200 msec 
rub interval. 
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single rub is therefore an important parameter, and coupled 

with a window of frequencies, and a relatively wide range 

of rub durations, constitutes the important information 

content of the male call, recognized by the female. 

The potentially co-occuring and sympatric Doroneuria 

baumanni Stark and Gaufin male calls have two rubs with 

intervals of 184.2±11.4 msec and rub duration of 66.2±15.0 

and 96.7±12.8 msec for first and second rubs, respectively 

(Maketon and Stewart 1984b). The response levels of C. 

californica females above to synthesize 2-rub signals at 70 

and 200 msec intervals, at a similiar frequency to D. 

baumanni would suggest a low probability of a substantial 

level of C. californica females answering D. baumanni calls 

in nature. 

Conclusion 

Data from these three species, T. burksi, K. modestus, 

and C. californica, and those presented for two other 

species by Zeigler and Stewart (1986) give early 

indications that the basic information content of male 

calls in drumming is generally similiar in these five 

species, even though they represent three different 

patterns. Furthermore, some species convey derived and 

specific additional information. Important and critical 

consent of calls, based on measured female recognition, can 

be summarized as follows: 
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(1) A minimum threshold of number of beats or rubs, or 

specific number of rubs (nine beat calls for T. burksi, 

three bibeat groups for K. modestus, one rub for C. 

californica). The typical or modal number of beats 

recorded from a population sample elicit maximum female 

response, and with the limited replication of variant calls 

offered to females in these studies, signals with larger 

than modal numbers of beats also elicit high responses. 

Early experiments by Zeigler and Stewart (1977), testing 

live females' response to taped calls of the male of 

various species, suggested that increasing replications of 

variant calls to females might also identify some maximum 

threshold of acceptable beat numbers for some species. In 

the rubbing species C. californica, however, increasing the 

number of rubs yielded no response from females. 

(2) A discriminate "window" of beat and/or intergroup 

intervals (90-130 msec beat intervals for T. burksi; 38-55 

msec intrabibeat interval for K. modestus, but intergroup 

interval unimportant at ±33.3 per cent of typical). 

(3) A window of frequency in rubbing species (C. 

californica with significantly higher answer rates at 

340-553 Hz than at lower or higher frequencies). This 

implies: a) some necessity for substrate selection by males 

for rubbing to produce acceptable frequencies, and b) that 

two species that might potentially occur together and 

produce similiar frequencies when rubbing on the same 
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substrate, are probably separated by some other drumming 

parameter; example, number of rubs between C. californica 

(one rub) and D. baumanni (two rubs). It is also possible 

that potentially co-occuring, rubbing species produce 

different frequencies naturally by differences in their 

integumentary structure (see Chapter VI), or selection of 

different natural substrates for rubbing. 

(4) Unique characters, such as the bibeat calls of K. 

modestus (no answer to experimental presentation of 

monobeat or tetra to hexabeat calls). 

(5) General method of signal production - tapping 

versus rubbing (not yet experimentally tested). 

(6) General pattern of signals - sequential versus 

grouped or combinations. 

Further experimental work with these and additional 

species, using larger numbers of females, more replications 

of variant call parameter presentations, and presentation 

of variant calls formed from integrated parameters (eg. 

both beat number and intervals) is needed to confirm the 

above inferences on information content. The latter point 

is especially important. In nature variation in calls is 

likely an integrated variation of multiple parameters, 

rather than a variable single parameter with other 

parameters fixed. 



CHAPTER VI 

THE RELATIONSHIP OF PLECOPTERA DRUMMING BEHAVIOR 

TO ABDOMINAL STRUCTURE 

Introduction 

Early observation of Plecoptera drumming (Newport 

1851, McNamara 1926), and earlier quantified studies of the 

behavior (Rupprecht 1967, Zeigler and Stewart 1977) 

indicated that sounds and vibrations were produced by the 

rapping or tapping of posterioventral portions of the 

abdomen against the substratum. Recent studies have 

revealed interesting variations from that method of signal 

production and patterns of signalling (Rupprecht 1981, 

Stewart et al. 1982a,b, Stewart and Zeigler 1984a,b, 

Maketon and Stewart 1984a,b, Zeigler and Stewart 1985). 

Known methods of signal production now include: (1) tapping 

with the abdomen, (2) rubbing with the abdomen, and (3) 

tremulation (rapid up-down "jerks" of the abdomen, known 

only in European Siphonoperla, Rupprecht 1981), but there 

has been no attempt to determine if these methods and/or 

varying patterns of signals relate to presence (or absence) 

of abdominal structures. Determination of such 

relationships is necessary for arriving at inferences as to 

whether methods and/or patterns of drumming evolved 
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together with abdominal modifications (to especially 

accomodate drumming). 

McNamara (1926) inferred that species having special 

structures such as hammers would be drummers, and Gnatsy 

and Rupprecht (1972) indicated that vesicles are used in 

drumming, and have some special function in possibly 

monotoring "signal conductivity of the ground", and/or 

helping to "center the knocking movement and facilitate 

maintenance of an exact frequency of the signal on uneven 

ground". Stewart et al. 1982b, and Maketon and Stewart 

1984b (and see Chapter III) have shown that all rubbing 

species in the families Peltoperlidae, Perlodidae and 

Perlidae have hammers or lobes/vesicles, and that rubbing 

behavior is a derived expression. Our recent descriptions 

of drumming in over 50 North American species has suggested 

that there is no simple relationship between derived 

drumming behavior variations, such as male call diphasy, 

rubbing and grouped call pattern, and male abdominal 

structure; eg. some species that tap have no external 

structural abdominal modification, and particular species 

that have structural modifications such as hammers or 

vesicles may produce rubbing or tapping or combined 

tapping-rubbing calls. The females of all species, 

heretofore studied are tappers, and the only structural 

abdominal modifications are the subgenital plates, that 

could possibly be for copulation and drumming. 
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Rupprecht (1981) indicated that in the Chloroperlidae, 

Siphonoperla and Chloroperla have no lobe or hammers, and 

that Utaperla, Triznaka and Kathroperla have some sort of 

"hammerlike" structure. He indicated that "Chloroperlidae 

have developed their own communication system", based on 

his observations that Siphonoperla tremulate. We now know 

that the Paraperlinae (Chloroperlidae) genera Paraperla and 

Kathroperla are prolific drummers, (Kathroperla has a lobe 

on the 7th and 9th abdominal sternum), and do strike the 

substratum when drumming (Stewart and Zeigler 1984a and 

subsequent observations). Haploperla brevis (Banks) also 

has a tapping drumming signal (Graham 1983). Therefore, 

Chloroperlidae, as in Perlidae, Perlodidae, and 

Peltoperlidae, have varied expressions of drumming, with 

both ancestral (tapping) and derived (rubbing, tremulation) 

methods of signal production (Stewart and Zeigler 1984a, 

Graham 1983, Hastaperla). Drumming in the Chloroperlinae 

is little-known, even though we have tested several western 

Suwallia and Sweltsa species. 

My objectives in this research were to (1) survey a 

cross section of 30 North American male abdominal surfaces 

used in tapping and/or rubbing by using SEM, species 

studied since 1975 (Zeigler and Stewart 1977), (2) 

determine the relationship of male ventral abdominal 

structural modification (or lack of it) to their method and 

pattern of drumming, and (3) to attempt to classify and 
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redefine usage of the terms lobe, vesicle and hammer in 

male stoneflies. 

Materials and Methods 

Terminal abdominal segments of 30 stonefly species 

were dissected from preserved males. Samples were cleaned 

by soaking in acetone vials hanging in a MEGASON Ultrasonic 

Cleaner containing distilled water, for ca. 1-3 minutes. 

Terminalia were then glued with 3M-Scotch Double stick Tape 

to aluminium stubs ventral side up, gold coated with a SPI-

MODULE Sputter Coater, then photographed using a JEOL JSM-

T300 Scanning Electron Microscope. The specimens studied 

and their collection localities are as follows: (1) 

Peltoperla arcuata Needham, Virginia, Wythe Co., Jefferson 

National Forest, East Fork of Stoney Fork of Reed Creek, 

2-V-1985, K.W. Stewart and R.F. Kirchner, (2) Peltoperla 

tarteri West Virginia, Fayette Co., Big Hollow of Paint 

Creek, ll-V-1986, K.W. Stewart and R.F. Kirchner, (3) 

Tallaperla anna (Needham and Smith), Robin Creek, Forest 

Road 69, Macon Co., North Carolina, 3-VI-1984, K.W. 

Stewart, B.P. Stark, and R.F Kirchner, (4) Tallaperla 

elisa Stark, Robin Creek, Forest Road 69, Macon Co., North 

Carolina, 3-V-1985, K.W. Stewart, (5) Tallaperla lobata 

Stark, GSMNP, Cataloochee River, Haywood Co., North 

Carolina, 4-V-1984, K.W. Stewart, B.P. Stark, and R.F. 

Kirchner, (6) Tallaperla maria (Needham and Smith), 



140 

Virginia, Giles Co., Little Stony Creek, Jefferson North 

Fork at Pembroke Rt. 623 Cascades Recreation area, 

12-V-1986, K.W. Stewart, (7) Viehoperla ada (Needham and 

Smith), North Carolina, Macon Co., Rattlesnake, Spring/Shot 

Pouch Creek, 3-VI-1984, K.W. Stewart, (8) Yoraperla sp 

California, Siskiyou Co., Big Spring Creek at Mt. Shasta 

City Park, 22-V-1984, M. Maketon, (9) Acroneuria evoluta 

Klapalek, Oklahoma, Battle Creek, 10-VI-1983, M. Maketon 

and J. Stanger, (10) Agnetina flavescens (Pictet), 

Oklahoma, Delaware Co, Battle Creek, V-1983, M. Ernst, (11) 

Beloneuria georgiana (Banks), North Carolina, Macon Co., 

Robin Creek, 1.7 miles up Wayah Bald. Rd. 7-VI-1984, K.W. 

Stewart, (12) Calineuria californica (Banks), California, 

Sierra Co., Little Truckee River, Upper Little Truckee Camp 

ground, 4-VII-1979, K.W. Stewart and B.P. Stark, (13) 

Doroneuria baumanni Stark, California, Siskiyou Co., Big 

Spring Creek at Mt. Shasta City Park, 25-VI-1983, B.P. 

Shepard, (14) Eccoptura xanthenes (Newman), Georgia, Clarke 

Co., Wayah Bald., University of Georgia Botanical Gardens 

stream, 3-V-1986, K.W. Stewart, (15) Perlinella drymo 

(Newman), Texas, McClennon Co., Middle Fork, Bosque River, 

Hwy. 318, 9-III-1981, K.W. Stewart, (16) Perlinella .ephyre 

(Newman), Arkansas, Nevada Co., Little Missouri River, Hwy. 

67, Nubbin Hill Rd. VI-1982, Koym and Taylor, (17) 

Chernokrilus misnomus (Claassen), Oregon, Benton Co., 

Parker Creek C.G., Mary's Peak near Corvallis, 24-V-1983, 
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K.W. Stewart and S.W. Szczytko, (18) Clioperla clip 

(Newman), Arkansas, Sevier Co., Pond Creek, Hwy. 41 at 

Horatio, 24-111-1984, B.C. Poulton, (19) Oconoperla 

innubila Needham & Claassen North Carolina, Macon Co., 

Robin Creek, Forest Rd. 69 Wayah Bald., 3-V-1985, K.W. 

Stewart, B. Kondratieff, and R.F. Kirchner, (20) 

Pictetiella expansa (Banks), Utah, Salt Lake Co., Millcreek 

Canyon Creek at the elbow, 25-VIII-1965, R.W. Baumann, (21) 

Isoperla burksi Frison, Arkansas, Madison Co., War Eagle 

Creek., Hwy. 68, 3 miles Northeast of Huntsville, 

20-111-1985, B.C. Poulton, (22) Isoperla mohri Frison, 

Arkansas, Logan Co., Sixmile Creek, Hwy. 23 South of 

Chismville, 7-IV-1984, B.C. Poulton, (23) Isoperla namata 

Frison, Oklahoma, Delaware Co., Battle Creek, III-1983, M. 

Ernst, (24) Isoperla ouachita Stark and Stewart, Arkansas, 

Izard Co., Hars Creek, Hwy. 56, 19-111-1984, B.C. Poulton, 

(25) Isoperla sagittata Szczytko and Stewart, Texas, Newton 

Co., Little Cow Creek, 0.5 mile South of Burkeville, 

22-IV-1986, K.W. Stewart, (26) Isoperla signata (Hagen), 

Oklahoma, Delaware Co., Battle Creek, IV-1983, M. Ernst, 

(27) Taeniopteryx burksi Ricker and Ross, Arkansas, Marion 

Co., Georges Creek, Hwy. 62, 6-1-1984, B.C. Poulton, (28) 

Taeniopteryx lonicera Ricker and Ross, Arkansas, Clark Co., 

L'Eau Frais Creek, Hwy. 128 Bridge East of Arkadelphia, 

5-11-1984, B.C. Poulton, (29) Taeniopteryx maura (Pictet), 

Arkansas, Dallas Co., Cooks Creek, Hwy. 229 Bridge North of 
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Fordyce, 4-II-1984, B.C. Poulton, (30) Taeniopteryx nivalis 

(Fitch), Wisconsin, Portage Co., Tomorrow River, 11-1978, 

D.D. Zeigler. 

Results and Discussion 

The basic stonefly male call characteristics of 86 

species are related to ventral abdominal structure in Table 

IX, and microstructure of the posteroventral abdominal 

surfaces of 30 of these, representing a cross-section of 

structure, are illustrated in Figs. 72 to 119. The three 

categories of structure that might relate to signal 

production, proprioreception, the sense of touch or other 

drumming-related function are (1) absence of ventral 

structures (modification of sterna), (2) lobes or vesicles, 

and (3) hammers. Since there is considerable ambiguity of 

interpretation and definition of the terms lobe, vesicle 

and hammer, and Torre Bueno*s Glossary of Entomology (1973) 

makes little distinction between the former two and 

excludes the latter, I am proposing the following clarified 

definitions of these various ventral structures in male 

stoneflies, that might also be useful for other insect 

groups, and which I will follow in descriptions in this 

paper: 

1. lobe - a marginal, rounded, broad-based projection 

of an abdominal sternum or other segment. 

2. vesicle - a narrow- or broad-based fingerlike or 
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bladderlike projection, usually arising from 

the intercalary surface of a body segment. 

3. hammer - a raised, often membranous, disc or 

triangle arising from the intercalary 

surface of (the 9th) abdominal sternum. 

These structures may bear various arrangements of 

hairs and sensillae over their surfaces, and may have 

glabrous, irregularly wrinkled, striated or papillary 

surfaces. 

Absence of ventral structures. -- Figures 72 and 73 

illustrates in Agnetina flavescens and Taeniopteryx 

lonicera, respectively, the typical absence of lobes or 

vesicles on abdominal 7-9 sterna, exemplified (with varying 

hair arrangements) in 20 known drumming North American 

species representing six families (Table IX). Surfaces are 

usually covered variously with sensilla trichoidea, that 

probably function at least partially during drumming to: 

(1) monitor vibrations of the substratum, and (2) in 

perception of the degree of touch during tapping. Males of 

all known drumming species, having no lobe, vesicle or 

hammer, are tappers, and most produce what I consider to be 

more ancestral signal monophasic calls, repeated in series, 

each separated by a long pause (eg. sequential exchanges 

between sexes of call-answer or call-answer-response). 

There seems to be no clear pattern of association between 

large versus small number of beats or time interval between 
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Fig, 72—Agnetina flavescens male ventral abdominal segment 7-9, 75x. 

Fig. 73--Taeniopteryx lonicera male ventral abdomonal segment 8-9, 

150x. 
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beats and absence of abdominal ventral structures (Table 

IX). Rupprecht (1981) has pointed out that the only known 

tremulator, Siphonoperla, in which the abdomen does not 

touch the substratum, has no lobe or vesicle. His high 

speed cinema during drumming clearly demonstrated this, but 

it would be interesting to determine if trichoid sensillae 

are present in that species, and if they touch or detect 

the substratum during downstroke, giving a sense of 

abdominal position. 

Lobes. -- I consider the posterior marginal 

projections of the Perlodinae and Isoperdinae (Figs. 74 

Chernokrilus, 75 Clioperla, 76 Oconoperla, 77 Pictetiella, 

and 78-83 Isoperla) to be lobes by the above definition. 

All have some arrangement of trichoid sensillae, but no 

obvious basiconic sensillae. The sensillae probably 

function in mechanoreception as discussed above. All 

studied species having lobes drum by tapping except I. 

ouachita, and neither its lobar surface (Fig 81) nor 

sensillae seem to differ markedly from other tapping 

Isoperla (Figs. 78-80, 82-83). All Isoperla known to drum 

have lobes, but those few North American species without 

lobes such as I. sobria (Hagen) have not been tested for 

drumming. 

Vesicles. -- The finger-like or bladder-like 

structures of male Nemouridae (Nemurella, Gnatsy and 

Rupprecht 1972), Capniidae, Leuctridae, Taeniopterygidae 
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Fig. 74--Chernokrilus misnomus lobe on ventral abdominal segment 7, 50x. 

Fig. 75--Clioperla clio lobe on ventral abdominal segment 8, 50x. 
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Fig. 76—Oconoperla innubila lobe on ventral abdominal segment 7, 50x. 

Fig. 77--Pictetiella expansa lobe on ventral abdominal segment 9, 75x. 
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Fig. 78--Isoperla burksi lobe on ventral abdominal segment 8, 150x. 

Fig. 79--Isoperla mohri lobe on ventral abdominal segment 8, 200x. 
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Fig. 80--Isoperla namata lobe on ventral abdominal segment 8, 350x. 

Fig. 81--Isoperla ouachita lobe on ventral abdominal segment 8, 500x. 
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Fig. 82--Isoperla sagittata lobe on ventral abdominal segment 8, 500x. 

Fig. 83--Isoperla signata lobe on ventral abdominal segment 8, 200x. 
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(Figs. 84-89) and Peltoperlidae (Figs. 90-104) would fit 

the vesicle definition above. The surface of vesicles 

associated with tapping have trichoid sensillae (Nemurella, 

Gnatsy and Rupprecht 1972) as in those with no structure or 

lobes, and in the Taeniopteryx species I studied, there are 

few hairs present on the vesicles (Figs. 84-89). The 

Taeniopteryx vesicles have wrinkled, and in maura and 

nivalis (Figs. 86-89), in-folded surfaces, and there could 

possibly be placoid or ampullaceous or internal sensillae 

for tactile and proprioreceptive mechanoreception, that are 

not evident from my SEM's. The vesicles of male 

Peltoperlidae are unique in having: (1) very long, curved 

hairs arising only from the edges of the vesicle, curving 

ventrally, and (2) longitudinally striated and papillary 

surfaces (Figs. 90-104). Such an arrangement would 

facilitate both mechanoreception (hairs) as previously 

discussed and rubbing as done by Peltoperla, Tallaperla, 

and Yoraperla (Table IX). The Tallaperla species studied 

all have transverse ridges with papillary surfaces for 

rubbing (Figs. 94-101); there are no obvious basiconic 

sensillae on these surfaces as found on the hammers of some 

Perlidae, discussed below. 

From comparisons in Table IX, it appears that species 

with lobes or vesicles either tap or rub, so vesicles could 

be intermediate in evolution from lobes to hammers. 

Actually the vesicles of Peltoperlidae are more hammerlikes 
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Fig. 84--Taeniopteryx burksi vesicle on ventral abdominal segment 9, 
lOOx. 

Fig. 85--Taeniopteryx burksi vesicle on ventral abdominal segment 9, 

500x. 
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Fig. 86--Taeniopteryx maura vesicle on ventral abdominal segment 9, lOOx. 

Fig. 87--Taeniopteryx maura vesicle on ventral abdominal segment 9, 
500x. 
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Fig. 88--Taeniopteryx nivalis vesicle on ventral abdominal segment 9, 
lOOx. 

Fig. 89--Taeniopteryx nivalis vesicle on ventral abdominal segment 9, 

750x. 
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Fig. 90—Peltoperla arcuata vesicle on ventral abdominal segment 9 
150x. 
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Fig. 91--Peltoperla arcuata vesicle on ventral abdominal segment 9, 

500x. 
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Fig. 92--Peltoperla tarteri vesicle on ventral abdoniinal segment 9, 
350x. 

Fig. 93--Peltoperla tarteri vesicle on ventral abdominal segment 9, 

750x. 
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Fig. 94--Tallaperla anna vesicle on ventral abdominal segment 9, 75x. 
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Fig. 95--Tallaperla anna vesicle on ventral abdominal segment 9, 350x. 
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Fig. 96—Tallaperla elisa vesicle on ventral abdominal segment 9, lOOx. 
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Fig. 97--Tallaperla elisa vesicle on ventral abdominal segment 9, 350x. 
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Fig. 99--Tallaperla lobata vesicle on ventral abdominal segment 9, 150x. 
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Fig. 100--Tallaperia maria vesicle on ventral abdominal segment 9, 75x. 
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Fig. 101--Tallaperla maria vesicle on ventral abdominal segment 9, 350x. 
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Fig. 102--Viehoperla ada vesicle on ventral abdominal segment 9, 150x. 
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Fig. 104--Yoraperla sp vesicle on ventral abdominal segment 9, 750x. 
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in structure except that they have lobate, thick structure 

with unattached apical portions. 

Hammers. - Only the Perlidae have well developed 

hammers on the 9th sternum. Those studied are variously 

shaped and have smooth wrinkled, striated or papillary 

surfaces (Figs. 105-119), and can be characterized as 

follows: (1) Acroneuria evoluta - ovate hammer with both 

irregularly wrinkled and papillary surfaces, and having 

distinct basiconic (Figs. 106 ,108) and possibly coeloconic 

(Figs. 107, 108) sensillae scattered over the ventral 

surface, (2) Beloneuria georgiana - triangular hammer with 

basal trichoid sensillae, but relatively hairless, 

transversely striated distal surface with long, curved 

hairs arising around the outer edges (Fig. 109), (3) 

Calineuria californica - rectangular hammer with a 

papillary surface and numerous basiconic sensillae over 

ventral surface (Figs. 110-111), (4) Doroneuria baumanni -

sub-rectangular hammer with a prominently transverse-

striated and papillary surface with few evident basiconic 

or other sensillae (Figs. 112, 113), (5) Eccoptura 

xanthenes - sub-circular hammer with a very smooth surface, 

bearing what appear to be short basiconic or possibly 

campaniform sensillae (eg. with prominent round pits 

surrounding a short peg or bulbous structure) (Figs. 

114-116), (6) Perlinella drymo - an oval hammer with a 

smooth but irregularly mounded ventral surface and trichoid 
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Fig. 106--Acroneuria evoluta hammer on ventral abdominal segment 9, 350x. 



173 

> 

Fig. 107--Acroneuria evoluta hammer on ventral abdominal segment 9, 
1500x. 
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Fig. 108--Acroneuria evoluta hammer on ventral abdominal segment 9, 

1500x. 
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Fig. 110--Calineuria californica hanrner on ventral abdominal segment 9, 
lOOx. 

Fig. Ill--Calineuria californica hammer on ventral abdominal segment 9, 
lOOOxT 
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Fig. 112--Doroneurla baumanni hammer on ventral abdominal segment 9, 35x 
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Fig. 113--Doroaearia baumanni haranar m ventral abdominal segment 9, 
3500x. 
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sensillae only arising from sides (Fig. 117), and (7) 

Perlinella ephyre - hammer similar to P. drymo except with 

a papillary ventral surface (Fig. 119). The low-profile 

basiconic, coeloconic and companiform sensillae on ventral 

surfaces of these hammers would be facilitory to rubbing 

and might sense the texture of substrate and therefore 

possibly be important in substrate-selection for rubbing. 

Conclusions 

From Table IX, and the above discussion, it can be 

concluded that: (1) males of all known stonefly drummers 

having no special ventral abdominal structures are tappers 

or tremulators, and most have a relatively simple, non-

grouped, monophasic call, (2) males that have special lobes 

or vesicles produce signals mostly by tapping and 

relatively fete by rubbing (except Peltoperlidae), (3) the 

only known tremulator (Siphonoperla, Rupprecht 1981) is 

without special structures, (4) all species that rub have 

special structures (lobes, vesicles or hammers); only one 

rubber (1̂ . ouachita) has the simpler lobe, (5) tappers are 

not tied to any structure or absence of one, (6) the most 

complex male drumming call patterns known, are by 

stoneflies that have some special ventral structure (eg. 

tapping-rubbing combinations in Peltoperlidae and Perlidae, 

grouped-sequential combinations in Isogenoides and bibeat 

groups in Kogotus and Calliperla), (7) there is no clear 
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pattern of high or low numbers of beats, or interval 

spacing, to particular structure, except that the number of 

rubs of those with lobes, vesicles or hammers is usually 

low in number. 

Known North American drummers in the families 

Capniidae, Leuctridae, Nemouridae, Pteronarcyidae, and 

Taeniopterygidae all produce signals by tapping, having 

relatively simple monophasic calls and have neither 

abdominal drumming structures, lobes nor vesicles. Those 

in the Chloroperlidae, Peltoperlidae, Perlidae, and 

Perlodidae have varied the drumming system in predictable 

ways by deriving rubbing, tapping diphasy, grouped calls 

and tremulation (only Chloroperlidae), mostly in 

association with derived abdominal structures. 

Ancestral stoneflies that had no abdominal or slight 

abdominal modification probably evolved a simple drumming 

capability that was selectively advantageous in mate 

finding and as an isolating mechanism. Further behavioral 

diversification of the system in co-habiting species 

probably was associated with increasing development of 

special structures such as the lobes, vesicles, and hammers 

in some groups with retention of ancestral structure and 

function by others. Some Chloroperlidae evolved the 

functional complexity of tremulation without special 

abdominal structures (or lost them?), and others retained 

tapping with and without lobes. 



APPENDIX I 

Higher Classification of Plecoptera (Zwick 1973) 

S.O. Arctoperlaria 

Group Euholognatha 

Superfamily Nemouroidea 

F. Nemouridae 

F. Notonemouridae 

F. Capniidae 

F. Leuctridae 

F. Taeniopterygidae 

(No Superfamily) 

F. Scopuridae 

Group Systellognatha 

Superfamily Subulipalpia 

F. Perlidae 

F. Perlodidae 

F. Chloroperlidae 

(No Superfamily) 

F. Peltoperlidae 

F. Pteronarcyidae 

S.O. Antarctoperlaria 

Superfamily Eusthenoidea 
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F. Diamphipnoidae 

F. Eustheniidae 

Superfamily Leptoperloidea 

F. Austroperlidae 

Crypturoperla 

(questionable placement) 

F. Gripopterygidae 

Antarctoperlinae 

(questionable placement) 
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